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ABSTRACT 

The purpose of this study was to determine to what 
extent students were able to attain inquiry objectives while 
performing specially designed experiments in the chemistry 
laboratory. The subjective meanings that students had 
regarding this type of learning was also determined. The 
laboratory program was conducted with a class of 20 grade 
twelve chemistry students during an entire semester. 

By means of eleven carefully designed experiments, the 
amount of structuring of the learning and the amount of 
guidance provided by the teacher were gradually reduced. The 
reduction in structure produced an increase in the level of 
inquiry learning and teaching of the existing laboratory 
curriculum of chemistry 30, a senior high school science 
subject prescribed by Alberta Education. 

The testing instruments used to gather data for the 
formative and summative evaluations were: Chemistry 30 
Achievement Examination, Processes of Science Test, Test on 
Scientific Attitudes, Laboratory Questionnaires, Students 
Written Comments, Taped Interviews, Laboratory Reports, and 
Teacher’s Log. 

Behavioral objectives in the conceptual, affective and 
scientific process skill domains were measured by means of 
two paradigms--the empirical analytic and the situational 
interpretative. The di-paradigmatic approach measured 
student behavior and achievement not only before and after 


but throughout the inquiry-oriented laboratory program. 
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Although students of this study spent considerably more 
time in the science laboratory and with laboratory related 
activities than students of a regular chemistry curriculum, 
they were able to perform as well on the Alberta Education 
Achievement Test. Students also scored considerably higher 
at the end of the semester than at the beginning on the 
process skill domain test but did not show significant 
growth on the test for scientific attitudes. A significant 
majority of students expressed that they found the 
laboratory program not only challenging, interesting and 
enjoyable but that the type of inquiry experiments of this 
study was preferable to the highly structured experiments 
preformed in previous years. 

The multi-faceted evaluation of the laboratory program 
revealed that students were able to perform the necessary 
process skills required by the teaching strategies of this 
study. The results from both paradigms showed that 
inquiry-oriented learning and teaching based on the 
scientific process skills is a viable objective at the high 
school chemistry level. By systematically reducing guidance 
from the teacher and decreasing the number of instructional 
aids, students can learn to perform high level inquiry 


activities. 


Vi 


orem ytderebtanes ineqe. youre 2 
besntar qnopercdal: ative bre | 
mat usta it 2rd net eager a 
noi Provba etait hi ers 70 fiom. 2 
noriptd viene betiede oat! ae 
wis no ontariged 34d, te rset <a 
dapat Tempers: wots Ten. cic ue teak t | 4 
inact tingta A asta #8 ‘oheinatae 
ey pewat tart aetihs ama ns | 
brs puites eth” itigh atts kimi a ay 
Bis Fe winnaar neviupe +4 phe ae we 


Ms wooig Viotereads! sat 70 Pepe fe! ee 8 2 
Vigessoan ant miotieq 62-Shds. Poca 
é Frit To 2stoe7sat2 Ont esnet Y AA cA ey 


Apia sit ts svitespdo Slidery ne ath cerita % 
sonabtuy gatoubes ‘anes haaudd nae iene apears 
tanotisathant Fo nedinuh arli orifess teh bas verona? oft mag 

Vitwa fevel rae Viele of cerset yao _— wn 


a = _ 
os 
i) 
7 7 
’ 


ACKNOWLEDGEMENTS 
I wish to express my appreciation to my supervisor, Dr. 
Marshall Nay, who contributed not only valuable advice 
throughout but especially continuous encouragement and 
understanding. I also wish to thank the other members of my 
committee for their helpful recommendations: Drs. Kass, 
Nyberg, Samiroden. 

Dr. Michael Kozlow’s suggestions and assistance with 
data analyses are particularly appreciated, and I am also 
grateful to the Student Evaluation Branch, Alberta 
Education, for providing necessary testing materials. 

I sincerely wish to thank all my Chemistry 30 students 
of Lorne Jenken High who participated in the pilot phase 
during 1980-81 and 1981-82 semesters and in the main study 
during the second semester of the 1982 school year. 

I also wish to thank Mr. Henry Hinnig and Miss Sherry 


Bushey who assisted with the typing and word processing. 


vii 


ver to eredhinedl ndittc? die iinand 02. anaes pat 
\eaen 20 ei tsbnenacos ssl ot 


costs we 1 Gs: wee meee 
ay weet “resraet noifentalelt tmbbute oa 

| risk ast & sit eri ides ersesaden gait veriq ee: ut 
erdvbuta 08 eviethend: un tie Magee! cave leant ‘es 
szadq iotta’ SAd AP Satector Yau = pinot a 
ybuls: nian erg of bas daca! 
| 6 UES Teedoe ‘Sper thea 
“i tare ‘22 hh brs sini <a oF rst! oats 


On aessorq: piew brig gt 


= 


tivet® ye a loa ites 
f -— 


aa 


TABLE OF CONTENTS 


CHAPTER 1 

Bee OB IGM) (re tla tare creda ety sess ae 66.06 cee ee eb oe 
Bere ONG eC (ENE. PL OD MGM c:b.c0e16 6 sss 6 «0 b 0/0 eco e a ee eee 
Dngui Gy sand VALCHEM 30). .%s644.< 0 0. sel ese le’ ove) sre oi eluieis sre siedotena cremeneetoreee 
Mb tecar OnerroOr  -sclence’ TEAChing ss... ssc ee euvcteccseceel 
pO eNO EEO at Nea TOD!) CMe sei e eis ecbie dio ave oe) o dcslalelpeeele mae lO 
Bee Pen amot MEN eELOOLEM 81s 5 ss ss es 6 4 0 0)s!aces 6 0:6 4 asso minrele sere tol 
Meme e ren E'S LON! :cichcise ¢ccele 04 oe SPCR Sion iss wie eres ei sh aieen erate siete eaten eee 
Detinition Of Key Terms ..... OW et eieh casas "wa cl duis ees sw eel eye edalener ele eteeliS 
DeteMninret aon S eat ausla Mita l VOMNSI MN. cc's ecb ale. 6's eis 016 0b eves lereee sth 
CHAPTER 2 

Rigy CWO wr rin isl TERA URE a cies 6 6 sie se si 0,6 26 ee)0 sf 66 elas eele's oO 
he Meme Omir ermiict INO le GOl Van .stetnlsts1e1s/e1ere lhe e715 986 4.6/6! 6is «in sie leis syacetere 3 2U 

PHGENS CULE Of LADOLOCOLY IWOCK sea NQUILY. < scas.cte asin aie ctor O 

Evoruac not ne LADO avtOL yi lc ats vis ese. 0's 6's 6.004 416, 4icie Wisi bie ae oo 
EMpirrcal -Analvyeic Paradi GM... oss os vlc + ci ce vse ees ct cise eco 
Situational-Interpretative Paradigm ...cccseeseesvcvseveeedl 

Participant ODSELVEL ste... ¢ ssjetcls-s/eisiss vis vl o.¢ se sien ss ie.6 esis Oo 
SUE IN et rer oho ace tei ole 0 eee terete Gin cic/s Srotece o 4.5 0,5 oie ie (evaielare, Wale lerelaisleve’s.eie & 
CHAPTER 3 

EXOERTMENTAL DESIGN <2). si cicle «sce ee 0 'r p50 sicelere S10 ee ec elses see 
Medel Used tor the Study 2... .0<..cessccvcvssessceescvceess 20 
MABE VLOCSSEUIGIES «.\s cscs tie cle c cs 6 sisieie sie oe bielsis ons sees siele chee 
The Main Study ..cceccccccccccvcccccesvcsesressesesessesesnd 


The Teaching Strategy vec e cence eee recesses eseessesseee send 
Vili 


> 

a © oes ee 228 6 © 44 22> 8 
= i 

- 7h 

Pescisnte ees eraser eee e ws 


6 

s@2at ee » @ &* e&4 & & 82 © Cle 4 
ai 

r y 

ee © 6864 a © 6 £9 2 8 8 ee * = 


' 
(eu enr ewe te eee ee Bee 
7 2 


Be ia teers <ee we hos 


Bee. . Oickek:0 eka 


oe ee ee 


ad 


a+ ve cs sneoee 
oo : mee 
> - 4 7 


sae Oe oe & He, 


i P| *) 


< nom @ 0 dle 9 eee « BE) 


- wptbe 


peeey ae 2 wtroseMsnogish 


eee © Jon sayee ee a oeeesee 


; 7 
is _ 


4 


sc mg 
fe pte ar ghuee eas x02 beev Ii 


CA Ree te saan rolta. 
ee ee ee ee yous2 aden ott - 


Introduction. of Scientific Process Skills . 


HEMT ai 0) GI Naat din Seah Be at) SP eRe RE 


The Laboratory Activity eee37s#ecs&#§ee#«eeseeees:e 


DeSean REDORtMCDRD? cice cs oe de abs a 6 2 


ODSErVia thONeReDOKbs OR») wrcucesrerene 0 ose « 


STEYR SISY erage @24°0) 5/0, 6 ke Oe 

Bt AG Cae eat Bases ae) «06 0 A hie e 90 

The Revised ALCHEM 30 Experiments ........ 
ine Wata;Collecting Instruments ......eees 
Bora leet LS MOIS | cis. sce s <isiece eles ee 8 6 6 

Oe St Sere velsielre el Sie) oo dhe e ole a eco 618 siei6 #8 
Chemistry 30 Achievement Test .... 


Processes of Science Test (POST) . 


Revised Test on Scientific Attitude 


Laboratory Questionnaires ........ 
baADOT AL OLY WRODOL UG, deccereleneispe tse 2 os 0 0 
The woforma LW nStrumMentsS,. spepecopspepegs + oe es 
Taped-Recorded Interviews ........- 
WEAtten SEALCMECDLES s.jccscetens otogepeistesene © 


Investigator's Field Notes ....... 


Ce en ee 


eeeeee#ee#eee#eeeeses 


CTOSAG aa. 


eeeeeee#e#ege#eee 


eeees#es3#e+oee#eee 


Summary of Chapter eoecoeoevovoevoeoevneeoeveeeeeeweeeeeeeeeeeeee ee @ 


CHAPTER 4 


QUANTITATIVE RESULTS AND DISCUSSION ...---eeeeee.e 


Concept Domain ee eds © 6. 6 0 8 6.66 O16 6 6.6 6.6 6-8 6 0 6 9.6 O: 6.6) 818 © O'S 0 8 8S 


Ses «AD 


Sreteve Seo 


sols) s tos! 


hehe stOne 


o 0 o ote al 
IO on 
cece l 4 
sce ee 6 
2 « «ahO 
Se 
oso oro 
Pr a 3 


cele cee 


seis ometoul 


Attitude Domain Rte Bry WENN Oh oes 1 ' (eeul sc Con alanai grat s7e ne vah ene ini ernie aeeee 


The Process Domain ee ee he to oie ac Becceoas 'aeriiele (are ai eke tee 


The Processes of Science TeSt ReESUltS ....eeeeeeeee eo 88 


ix 


eae ee 4 


= 


(A200) sbetista sidianetae ag ante Pusrian Rc 


2 


“ 


‘et htam " bli: mT; Sie 
ws * ‘bie ob oe € cane o% nicl 


t 


f ‘ - | ee 
ee ee ~— 


eee heer Te Pe (Aa) da 
ay : 
ee ee (a0) Jae 


ite a : 

oe +} : 

oa rn bi 

b : i 
eee ee ee ee ed af a 


~ ars PR ao * 
es 


° 
* 
*. 
. 


ee oo. 


pen ee sae? wieiagm yin: 89 
cc. COSY see ere 


: a 
- aw 
) 
4 
begins eee ear tennel sep § | 
ar 7 Jd ey De, 
a re - - » 
sabre ch ee ee nes (RS 


i ale Ae 


cee een ae dae eens 2 


a 
sar’ 


‘oaaniaw 


fae Seine CPE aw EF ews YF , . 
2 ie i wt Sa Wave) se 
on bos | 
@mrmonvueae>r> va @ 7 + % 4 
~ ‘ ® : 5 


A =~ 
oe tty tele Ve6 ees 06500 8 ee ees 
at ; he 2 


eer awe wes uweee een heater nee 


Laboratory Report Results ......... 
Correlation of Results from Quantitative Instruments 


Summary of Quantitative Results .. 


CHAPTER 5 


QUALITATIVE RESULTS AND DISCUSSION .... 


SriMigieesomeOUalital ive ReSUItS oo. a. . ss eos 


PapOEretoLy -QUCSETORNAITES 2... 06 <.c 0s sa 


Written Statements eoeeeoeeecs5c73roeoee3so+eteeegeeee 


Taped Interviews eeeoe3so#5oueee?ee#e#ees*eqee#eee+eeteese#ee#e 


Laboratory Reports eeoeeeeees#e#tee#e#eee#eee 


Teacher's Log 


POGaVSUSmOe OUualitatave. Data sess .s +s vc ss 


Concept Domain eeees556uleeeeeeereeeee#5jeegegeerege ee 


Results 
Results 
Results 
Results 
Results 


Summary 


Process Skill Domain 


OF 
of 
of 
of 
of 


OL 


eeevsv3#e#ee#e8s8eeeee 


Laboratory Questionnaires . 


Written Comments eeooe0aeoeeseeee#?s¢ 8 


Taped, INtErvViews, 2 ios. 2 


Laboratory (REDOrES: .6. 2 ses oes 


Teacher Si LOG) iis cis ss e's «0s ole 0.0 


Concept Domain Results ...... 


Results From Laboratory Questionnaires . 


Results from Other Instruments 


Summary of Process Skill Domain Results 


iS: Peyote le aeweteial sea svete aU) 


mepeveea 


sPolebenetetaters sea 4 


eletesdusr etetetere 7 O 


EE Pr PU EE yes Pyaed LO: 
Narciercres are UG 


a aieiefeyeuay eran vO 
Sie soe leis out alaL 
wipiaas okeveneterl ti) 
stele istsesiate ego 
prereteeenererani a 
sie) sietetsiete «ak oe 


Attitude Domain be Ne tee HUI L Ls Le Water tekg seh stems amie Vere eno 


Introduction bet palmer oe ln SB ee lao Tey rat ayn avgteve relate ot rap eniee te 


Results from Laboratory Questionnaires ..........139 


Results of Written Comments Pe... Een ema eee ree 5) 


x 


Rg hal yigent vekdo mon? ziivess — 


dina wh baa 


ee ee 


* 


ete wed eee ve gn ees =e 2s Ble Cee 


eae e ~* 
mm PHL A 


eve h es ia i Aposaxodaa anit todo: ie: 


pte estweci Atisnbd 21%2 ‘eeeabea 20 vremme” 
iste epeieseses eetae see dena erg Rimi ala we 
Pe ee deen ened teehee beware rey eee nottouboxdat | 


‘ 


cercecreeeh ge emil aa 


bs 
irre 


REO US, OCs ADeG Liter viewsS: 24-664 sees ko eee 15 
Resuleus OfubeDOratOry REDOrts. .. s..sre sake decree e155 
Pete St O Lem ea Ciera S(O; vs s.k ss e's ois ere orate coi a DO 
summary OL Attitude Domain Results .....seesss<c- 158 
CHAPTER 6 
SUMMARY, IMPLICATION, AND FURTHER RESEARCH ..........161 
Benny MeOr am C et Cl Vir ale re heihaig, sore 6.6. oars’ a4 sao oe 6. boa oe ceteve meets POL 
PUMME Gy sOmOWUANtCVCALIVeE RESULES: ssc 6 b.s.o.0.0: siese deere efoucuels FOS 
Summary of Oualitative Results ........ bis aXe lever eier ototenateree LOO 
SUGMany Ot ISCUSSTON, Of RESUICS . 2... 4c 6 ss 6 ese elelcuetes LOU 
BONG ec e VODIMOL Cis aieterere oo i400) e106 eceleienersber opel este Oe 
Bie ees Guo et ls CAL MOM soe o's. s: 6.6 6 ove leis, craters @uaheietere Oo 
WLenUaAvia ot wrOSit Ve Bate CUES J..3.. sinless cetera eustes sere bLU 
COM CUR SON cus nals e's 5 sper eo anole ere: die sielele e1e/ a1 8 6/s,éis siete ieteie el esietl aS 
hive carwons. TOL: LNG SC) CNC sTCACNELT ts 6 cts 010.6 6 spouse cievetcels sole L 
Recommencatirons for. Further, RESearch, cio. .0. oe se oe Sor cctn ies 
BME DOG RAPHY cate oleloteschavelons «tepalaieds tetedevers:e.s06is 0. shislelshevciers » sie eee LO 
APPENDIX A 
Process Skills in ALCHEM 30 and Revised Experiments .....188 
APPENDIX B 
Revised ALCHEM 30 Laboratory InvestigationS ...ceceseeeee2dll 
APPENDIX C 
An Inventory of Processes in Scientific TNCULG Yoo sects sis oO 
APPENDIX D 
Characterization of an Inquiry LESSON .eceeeeeeee esse eee e239 


APPENDIX &E 


An Inventory of Affective Attributes of Scientists ......241 
xi 


rer 4 ates q@e & et4, “mb dial oe * 


. ee 
a 


ne 7 yoshi Tas 
OO Kciac dw teat ene tees indent | 


rey to ~ 
OME case ae Gog eks a tpt 


te 


ee 2 aes ROMAaA AAHTANA GVA 


=~ 


Pet Sapna eee ee Ne ep ee 
ar er ear) eae eifuget’< 
Pdr A eindeties 
PAT ca ncsenet i Siena Seto at aS 
y | BR ee tae Se a ee eee a ee 
tie. iwi dal 


: >) ae hs 


OT fict ic. 3 vole o wreaee we bo ‘estuPirzAsewt ees 
os 


: a Fe 
es eit © See ee ee : 
, ae | _ - 


SBP fans 


oo eer tae en Tee icittupeesaoie nena 
aN 
|< a oe faldpni set astse AE 2 


tBSL son isan os 


APPENDIX F 

Puoceoses oO! Scrence Test. (POST) ... 6 Seeks 
APPENDIX G 

Bese Oly ScieuLitic’ Abtetwdes (TOSA).. < os... gee ereus 
APPENDIX H 

Ba DOLaUO Rye WUCS td OCUMNAL TES hs. scsi css corn 6 -« 4s cee Sie 


APPENDIX I 


Bapeoratory Questionnaries Results ..4.2.5232.23552026 


APPENDIX J 

Craiteriaefor Evaluation, of ,Laboratory,Reports ... 

APPENDIX K 

Means, Standard Deviations, and Percent Errors 
for Experiments with Determinations ......... 

APPENDIX L 

Summary of Student Responses of Taped Interview . 

APPENDIX M 

Summary Or. WrittvensComments. sirens oo 0% Genes Pune + es 

APPENDIX N 

MEASCNEY ie WOO ec. J. c\s.5)s ic we loseis te syouehe © Rusia * Famine Sie ae 

APPENDIX O 


Student Raw. Scores on..Formal_INStruments «2.6% s.n0> 


xii 


~245 


~254 


268 


pA sh 


wage 


~200 


BAC 


~314 


aSs25 


BUR. ential gh nt se eee 


ae. 


WR ces ctegenent nen act) 


oe — 


» 


an Res. 


: } Pow-3 : . : 
SOS ce veh es eee ee ood owe eee ole Oe 
oe i 7 


een Allee 2h ee 
EOS.,.. cece. cs Be RdgeR/ yI¢f67biew) 26) eae 


a 
2 
[= 
4 
ts 
© 
r= 
zs 
34 
oi 
Pha 


fi ae 


“4 
72 
WF 
* 
¢ 


mC 90d 9204: 
i | ‘O SiGMS994 % 

) x ‘ a et 
i Ase - SIRRUSARR SRREOR ne mato a 4 pee 


an | j 


TABLES 
1 
2 


10 


Ue 


12 


ES TOre ABLES 


PAGE 
Pilot Study Results for Test Instruments........ 54 
Comparison of Scientific Process Skills 
in ALCHEM and Revised ALCHEM Experiments........ 65 
Test Item Distribution in the Chemistry 30 
Pe WMe VCC CINE Senta ie rk 6 sass ccs eee ee Vee ee 69 
Means, Ranges and Standard Deviations of the 
RRIOTT Cd hVEGURE SUT US erties or se nts ora hic et eee 82 
Mean Scores on the Chemistry 30 Examination for 
Pilot, Experimental and Provincial Groups....... 83 
Esimated Time Spent by Students in 
Pe OReUC Pay Ue aC a WOT of eg So a meats 85 
Analysis of Variance Summary for Pre-test and 
Post-test Results for the Test of Scientific 
EEE UL CST” Ba PDS YNER te Mies, ar ok eGR OE eR ie te Sar 86 
Analysis of Variance Summary for Pre-test and 
Post-test Results for Processes of Science Test, 
AMIS ESP SE an pater acres tim ln aah i ae RRR nr A MEN nt ne ae 89 
Class Means for Design, Observation, and Final 
Reports fot. cach Laporatory EXpemiment.u: aan. +). 91 
Correlations Between Quantitative Instrument 
Measures and Associated Probabilities that 
Fees RE Mle ea ess el Oa at TN Dla aes Orne Sh ac att | Oak 92 
Grouping of Laboratory Questionnaire Statements 
TAO ile CHT cial Plratece aren stcer erence ere arate ucakace sia cetere via etme iene 98 
Summary of Questionnaire Results Dealing With 
Understanding Main Background Concepts.......... 104 


Summary of Questionnaire Results Dealing With 
Having Difficulties With Calculations or With 
Interpretation QUueStiONS....... sere eee e ee nnnes 106 


sia) 


eg ’ of 2°8 «oe © eee ewe wee Va eee 


o 


; =e © 2, « & 


il | 


ora | a epi Hie 5 
a ARON Teens 


E Hi bh 


bis: teet-79. 
Stes aah ay #6 ae 


bine: nee Sant ele ti 
tet ible to ag2 290! CARY : 
‘86 a ye 2h ae ee oo ce aad 


‘eau eeucale : 
tertd MSH 
ee él ew tela aL Se at ae veya 


etrame tee pels ir | 


rf. 
Se wis ae A 


aor... 


aes 


——r 


20 


oi 


22 


as 


24 


AS 
26 
27 


Results of Student Written Comments Dealing 
With Understanding The Main Background Concept 
Or theokaboratory Experiments... ..8. Giclee es 


Analysis of Written Comments Dealing With 
Having Difficulties With the Calculations in 
EHeerdboralOEysexpenr iments «. «hase eek eae deen eds 


Edited Responses To Taped Interview Question 
VarethesGoncemt Jpomainn. s. on. 2a. ALS) Ape, Domain. 


Results of Laboratory Report Calculation 
ERrons yin Com@eep ths Ra. ar is os 


Summary of Questionnaire Results Dealing With 
Statement No. 1 "I had difficulty with 
Geogiareeonte. A LAO kd... POLAR NEA! OF Bool... 


Summary of Questionnaire Results Dealing With 
Statement No. 2 "I had difficulty with 
CDS SIV ANI GIUITs CDOT bi soe ccc od erat of ab ar aks! shah Nah ae oh cl ahah am ebatat ets Pahala 


Summary of Questionnaire Results Dealing With 
With Statement No. 3 "I had difficulty with 
Te EIGEN COU ei as ae. lee eee ie ore «eet oes a ees, 


Summary of Results of Laboratory Questionnaires 
Regdaho ing they bdbOte LOY (NEDOPUSs sion ds ts oes 


Summary of Questionnaire Results Dealing With 
Statement No. 4 "I believe more guidance should 
have been provided during the experiment."...... 
Summary of Questionnaire Results Dealing With 
Statement No. 5 "I had trouble performing 

(arctstio felt “Ihe: exbertinent” . OAs RAMEY... 


Summary of Questionnaire Results Dealing With 
Starcements: No 8 60.210 Mee. AEG CAIs oc at 


Summary of Solicited Comments to Questions...... 
Taped Interview Comments in the Process Domain.. 
Summary of Questionnaire Results Dealing With 


Statement No. 1 "I found this experiment 
GHAI WTA TNC ona tats mares Fata Sait ome $a ra ty tote tedo Molten te fate Mahe Mada be fe tote Hoe 


X1iV 


116 


s.* * * *¥ ¥3 


—e mete wotuhanne et als mee as ips a 


wait uotind meget sae 


y ; ; 
Ot] e's » i 4 Me ate * + ee 


ay tN ee.) ee pment? met 
sie te a diaine bat 1 Fai 


} | A? thee nek ee ih ahs 
; i 


- 
citer oni cat sdctlie based @ 
iiss hw as ed he 


ceitw pee al oi 
at tw ngs vn 


t a th Goud gad 
2ent sindikaeud 
Oot . 
a 
i; 
qT 
ete sik Sieh easy 
nee & soa 
os | e+ oe aca é. bn t'e' GA Oe eae ae 


bad Pai oniain nays oe teres 

tN ear 
ent taead 2 Ap oat isthe ¥ Pe 
EG) . then ‘peo oi nt siamo weivietal beget? 


athe gathean pet pair by 
Siena ah ale " 
Gat '« ‘ite i A e 48’ wr y eae 


2 
7 
.S alin +4 
Led ‘ . 
aay ) 
\ : s 
Ss j ¢ ¥ y 
wipe ; 
- ey ; 3 is 
e a f 


28 


29 


30 


ha 


32 


oye 


34 


35 


36 


ow 


38 
39 
40 


41 


42 
43 
ae 


45 


Summary of Questionnaire Results Dealing With 
Statement 2 "I found this experiment 
POC ESIC et eee ames tr eT RL dats pee Eee ee 141 


Summary of Questionnaire Results Dealing With 
Statements: (3) "I would like more experiments 

in this unit" (4) "I would like to do this 
Sxpersimenteagatn=.... seer! SLOry VSS! OnAINe |. 143 


Summary Of Questionnaire Results Dealing With 

the Remaining Statements in the Attitude Domain 

oh Sule paste learn ae he a er ie re era ea rer 145 
Summary of Unsolicited Written Comments......... 149 


Results to Taped Interview Question No. 2: "Tell 
me your thoughts and feelings on the following." 153 


Process Skills in Lab L1: MOLAR HEAT OF A 


CHUM CACO CHANGES? 0, eee Leer HOSS TONNE IrS |. 189 
Process Skills in Lab L2: MOLAR HEAT OF 

VP err ON Te. (SD RB OOr a lLOry WUE SLIORME Ine. . 191 
Process Skills in Lab L3: MOLAR HEAT OF A 

PASE CHANGE See... eC BR Cary FUSS) ioe he... 193 
Process Skills in Lab M1: ELECTROCHEMISTRY - 

ANe INTRODUCTION “TO” REDOKGr: {A Ten Cene SOners..., 195 
Process Skills in. Lab M2: ELECTROCHEMISTRY - 
SPONTANEOUSP REACT) LONG eS ees S41. LSS OIILET SWS 197 
BROCeESS USK 11d S Oinalabaumss ) (REDOX. ThTRATON..\. 42.4 199 


Process Skills in Lab M4: ELECTROCHEMICAL CELLS 201 
Process Skills in Lab N1: BRONSTED-LOWRY 


RIA CHUNG he sat OA Rare OR ee eS tae 203 
Process Skills in Lab N2: STANDARDIZATION 

ESE CLEA CONES t RRR Ag Se ee SS En EG Meee 8 AR 205 
Process Skit lsein Lab Noi? es 17 RATIONS =* Nw ee 207 
Process Skills in Lab N4: COMMON ION EFFECT.... 209 


Percent Responses for Laboratory Questionnaire 
Leo Tess TERS eae ee CREM EY ROP Sem eC RP eR Pe my ete 282 


Percent Responses for Laboratory Questionnaire 
Gey Ae eee. 5 pens: kes ok anne Sear a ae MR ean 7 283 


XV 


ra? 


FOS 
eos . 


£38 


3.45998 LAD NaHOORI ada: 


1 we r 
a - i - \" 7 ; 
i Ho ' ad : Ms oe a 
era ee 
ua 


rr? rv e ee @ ee 


reno re $f) mi @ retort 
— tt nad + cae tit 


** « © @ @ 


Nee inj 6 
Bias 


ra 


ies is 


ae re 19408 Pann pa re 


ay | ‘Cp 


ce Bo Cee S/R. © cee eo Beer Se oO 


Ai iD rae sf, 


ate alg? thie 


: vanaqwenaAnoaae 
; varerManoont yada 


MoTaRDeT: KOgaae: 


pHa “as teugna) | 


oo Pint « ; 


vor tas tammonate Cy de he tn Seeaes4 
vow’ a wheta Ss ‘ vingh nt Sak. 2 ag ners Sitar it 


- povinat it eh: ‘eh af atte eaenort 
199992. Wc wonway BM ded nr eth Eae ga0ont : 
sntsirig) Sabu wrotareday 10} eoshogedtl tnearst 


és «46 tpe © ee Sie ae ‘+s € ole <n ae 


ortannot aud aad aot emponmnat re ae 


. 
= 


46 


47 


48 


49 


50 


ay 


D2 


2 fe 


54 


8 


56 


yi 


58 


9 


60 


61 


62 


63 


Percent 


Means, 
Summar y 
fOPariab 


Summary 
for Lab 


Summary 
Tor Lab 


Summary 
for Lab 


Summary 
For .babp 


Summary 
for Lab 


Summary 
for Lab 


Summary 


Responses for Laboratory Questionnaire 

Ue ee eM te ic ce a Bis iow. ce ion bh ee, 
Responses for Laboratory Questionnaire 

LST IIS SMO" f se 3135 1 A la ie ince aS 
Responses for Laboratory Questionnaire 

EOIN rey OE Pe eet ee gy bye ek ohn eae 
Responses for Laboratory Questionnaire 

EMEA MBN Sse arch Te ve RUMOR ee LG ice vox gy ate wate a ete ee RT 
Responses for Laboratory Questionnaire 

POaNA is me. SPuNens. Wetbtan. Canmanta. Sac. Labet a. 
Responses for Laboratory Questionnaire 

BLOTTER Orel n re eCene ooGnae ec 2155 ania cy ebony Ne Ee 
Responses for Laboratory Questionnaire 

fabwNow. ma: SPistent. Wad beat. Samanta: fam bah. Bas. 
Responses for Laboratory Questionnaire 

OD or ae ae AS ORE ROS IEE os Ua i gu ignvy: vast de et aun eee 
Responses for Laboratory Questionnaire 

labaNA «. 28. Sicvdayt: Med tton. Commenters babe NO. 
Standard Deviations, and Percent Errors 

for “Experiments with Determinations... .2% wa... 5 we 

of Student Responses of Taped Interviews 

alt. new d Ahad Weds ten: Copewmant heres eos 

of Student Responses of Taped Interviews 

a. Ee at Ae OME Diet) Shela cor cue he meals cas ti Motes 

of Student Responses of Taped Interviews 

Nc te a ee 2 eae ey aren rp RAR Am carro ts ir 

of Student Responses of Taped Interviews 

NETS Mes Girt Armie MRA 8 a tee ts gastro PMN ON Ra aiarin ae 

of Student Responses of Taped Interviews 

ee race, ee eee ee cs fount. ch ode chi ee esetan Petcn rene reese tane 

of Student Responses of Taped Interviews 

NS cole ue Re AE ce foc te ogo) erreurs er Geta ttn cenel aeetetonenyG 

of Student Responses of Taped Interviews 

Mi Aton eee Loree sc Seka e) coe ws Baas Oe yae of Cate eae 

of Student Responses of Taped Interviews 

Ni | eda. ee PR oc) ts PNR ate eee ose aban 


for Lab 


Xvi 


299 


300 


301 


302 


303 


304 


306 


on srint 30m wks 
rer ees 


antsriniat saci 


ZEs se Pl 


ia o/1¥ seine team Noietooed ieslis 


orth rs ‘| 


i 


rac 2 .l.. Ae a ph bes Re ot ae 


on ntigtiat —_ Nv scien wavs 


— ¢" * 
ead . a a se Vy ee 


atmot Healt Rnb teh no 


ea 
re 


COO oye lda we witty wit tthe kage eee 
snfeoamoar } aa Mote anges 

res S calaistont aheks eee nnn 
antacines sb Lheles oF 

SEO ok v's eal pa a ee a eee 
ala 80799 wh 2 

Bes a Bek ete ek vehet a Brat 


-' Byery ted pel basi te: aan | 
ees ' he 


e's © «2 © @'s *) 8 . 


wena oohet: ‘He ee mien heer ore 
ee ae ee ORE Se ee So ating BE 


ine anes BeqnT i.) iano feel b Bs yer pir . ae, 


seaiatabii eqeT to" ‘aed ia ig ope « ) 
POE oes Be ap ae ey Oy, oe nos 
aweivagint bagaT ta apsradaah ipuse % os 


aoe Re Ck ey 


awatvnotal ‘wemet i) Reemiiess 3 inna sae 
VoE eee Ps a wie Vie a we ne oe ke 


"a ‘ : ra e uy 
feo a : it 
a 4 


- iin 5 ei 
¥ box aX 
7 i le ne 


67 
68 
69 
70 
74 
de 
is 
74 
(fe 
76 
ne, 
78 


(hs. 
80 
81 
82 
83 
84 
85 
86 
87 
88 


Summary of Student Responses of Taped Interviews 

SO OL nN Aim ee eremen reece Am, AU ote NN omy rics he Bet 309 
Summary of Student Responses of Taped Interviews 

AB) BS TBST alae ener ab OS Oar aa ae a iL Salil 
Summary of Student Responses of Taped Interviews 

SUT OS IC's ssa i i ge eg a ee i Nn ee S13 
Summary of Student Written Comments for Lab L1.. 315 
Summary of Student Written Comments for Lab L2.. 316 
Summary of Student Written Comments for Lab L3.. 317 
Summary of Student Written Comments for Lab M1.. 318 
Summary of Student Written Comments for Lab M2.. 319 
Summary of Student Written Comments for Lab M3.. 320 
Summary of Student Written Comments for Lab M4.. 321 
Summary of Student Written Comments for Lab N1.. 322 
Summary of Student Written Comments for Lab N2.. 323 
Summary of Student Written Comments for Lab N3.. 324 
Summary of Student Written Comments for Lab N4.. 325 
Summary of Unsolicited Written Comments on 

Ties ee NE Be ia Ae Ao 20 ln ny rr ar er ae S27 
REA CHEN «5 mL Out Le bie fet caus ate a ge neeet ea Siem ate ance rere te 329 
Weachneh,-SwlOG pride citric ate. lenges sede shana or sheteuetiice 330 
Teachele GS EOOv mL OUI Satanic e.g ieteceaenne soar eure 334 
TE ACME ESCO 0 wIRAD AM acetate + cles! nen cumite eames ets aie 32 
PEACNER SS bOO Se aDieN2 no. fe cB Wiss s otriatamearancnmo attr eae So0 
Teacmens:S UOC. > Teas ctars ters cee rs eaten ny eteyee ine viscey ee 334 
PEACE US LOO lea Nie ohare wince el tints Ween eee mcinr en Sa5) 
Teacher Ss COg lab: Nise, ion eee oe om notes oan tenets te 336 
[Kes Yolglalel te eave) ag by-le) a |\ Rim epee ar anmeny Dain canis tat he iC 
Teacher. Ss luOGn— PAO eNGs..k% sh stemee sti enere ete niece gence 338 


_ yaaa <a Ne oH YerebORe 


je nep aes shes 


are |, 81 ded 784, oseangea et seats? 
Tre th eek et emer a 
Bt2 oN Ge): set ete Rew cw .3 
a aN: meets i 

. gginbhe » has tiie tr aby ae 
rSe. : Bie ed. 969 afretione2 neds ta srs? 30 
she, it dad) ot perisemeds pontiol prigdgae 
SSE... GM ded sot 2 pay? nage FAW’, aOR te 
NSS. . Evel oN ernie? nsidika 8 | 

ESC. | Sigh Ot ss tAsemod: megs Ti t | 


ada oat tba 


1: er ery S ty ded Wel neHtoner 
EAR ee Nas neh al ale y ag tl DR = nigel se “redieneT 
rE eee Ciara RM RL + got e “sedoneT 
Oe os vis Tea ve wee aa + + gol’ 8 Maroaet 
Ste nhs ten a aaa ie! en 
ee ae -— en 
7 Perret sagt tidied 


: eb Gh 


89 
90 


RE ACME CS UOC RR AD WIV erS Lona rai sso 4 See sduneiahe te bee oe ary 


Main Study - Student Raw Scores on Formal 
Se TING OT eS whe mee eee Pe oe oe Pa Rc ie RT a 


yA | 


i i; a Hiei ’ ee ‘ w a ie 7 At : 7 
4 ee ee ee ee wo oe er in : 
; , . : a is 7 —_ 
; , ae , 


fag ee a “ae ot ht phe d " 


FIGURES 
ise 


Eloi OF FIGURES 


Experimental Design: Dual Evaluation in the 
Sore MUON Wi Sete Ne, lee eh ee aera s a aie Soha WO heal te a jal 


MO VLERE VON Ua OneNOGe bs fice sono wo he moe at ela omy 


Classification of Test Instruments Used in 
SET OME TLL Ree eee cc ca ine oe ale aoa Soe cme nae 


EEX 


CHAPTER 1 


THE PROBLEM 


The search for a universal generalization on a proper 
teaching strategy and the search for a simple solution to 
all major educational problems are pursuits which are 
probably fruitless. The first undoubtedly does not exist 
while the second is much too simple. The aim of the 
majority of educational studies on instruction, according to 
Okey (1971), is to establish a limited generalization about 
a specific teaching strategy. He describes a limited 
generalization as a determination of conditions, 
instructional materials, and procedures to facilitate 
attainment of objectives. (1970, p. 285) 

Background to the Problem 

The aim of this study is to establish a generalization 
concerning the use of the laboratory in teaching science. 
The variable condition is the degree of structure or 
guidance given to each laboratory experiment in the 
prescribed core of the Alberta high school chemistry course, 
ALCHEM 30 (Alberta Education, 1977). 

The science disciplines at the high school level have 
always had laboratory work as an integral part of the 
curriculum; however the time currently stipulated for the 


laboratory work has reached a record high in Alberta. The 
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trend started at the beginning of the space age with 
"sputnik' and was quickly followed by the appearance of 
major science programs (BSCS, CBA, CHEMS, PSSC, Nuffield 
Sciences, etc.). These original programs, designed to have 
the student behave like a scientist in the laboratory, have 
disappeared or changed since the 1960's but the intents 
regarding the laboratory work, at least in Alberta, have 
not. The present curriculum guide for senior high school 
chemistry states that "...it iS a common practice to devote 
approximately 40 per cent of the class time to laboratory 
activities." (Alberta Education, 1977, p. 10). However, 
some questions need to be asked about the intended quality 
and effectiveness of the laboratory experience in chemistry. 
Inquiry and ALCHEM 30 

The salient objectives regarding laboratory work in 
chemistry, cited below, are to be found in the Program of 
Studies for Senior High Schools of Alberta (Alberta 
Education, pp. 1-4): 


4. To promote understanding of and development of skill in 
the methods used by scientists: 


a. processes in scientific inquiry such as observing, 
hypothesizing, classifying, experimenting and 
interpreting data 


b. intellectual abilities such as intuition, rational 
thinking, creativity, and critical thinking 


c. skills such as manipulation of materials, 
communication, solving problems in groups, and 


leadership. 
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5. To promote assimilation of scientific knowledge: 
e. open-endedness of science and the tentativeness 


of scientific knowledge 


652 5 hTO develop attitudes, interests, values and 
appreciations, and adjustments similar to those 
exhibited by scientists at work. 

Two objectives restated for high school chemistry are: 

aad processes in Scientific inquiry: observing, 
hypothesizing, classifying, experimenting and 


interpreting data. 


Wels skiiis anethe cognitive, affective, and 
psychomoter domains. 


1.3 skills in individual and group problem solving. 


How does the ALCHEM 30 program attain these stated 
objectives of the high school chemistry curriculum guide? 

ALCHEM 30, a curriculum employing applied and 
descriptive chemistry, integrates textual materials, 
laboratory activities, demonstrations, and classroom 
exercises. The inquiry approach, advocated by the Alberta 
program of studies and by almost every science curriculum 
today, is not mentioned in the preface of the ALCHEM 
materials. The laboratory experiments, with few exceptions, 
are essentially of the deductive variety. They are lessons 
designed mainly for purposes of illustration and 
verification; the student by carefully following the 


field-tested procedures can obtain reasonably good 
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illustrative or confirmatory results. The ALCHEM 30 
materials require that the student, by means of 
pre-laboratory discussions and individual study, comes to 
the laboratory with some degree of understanding about the 
problem under discussion. However, not only is the problem 
given to the student in the laboratory manual but he is also 
given detailed procedural steps and methods to analyze and 
process the data. This type of activity in the laboratory 
is not classified as inquiry according to Schwab; "...the 
appearance but not the reality of inquiry is provided." 
(Schwab, 1964, p. 55). 

The desired learning outcomes of a laboratory science 
program, be they the acquisition of facts, concepts, 
theories, or skills, are obtained through processes--the 
scientific processes of inquiry. But inquiry as a mode of 
learning in the laboratory is concerned with how a student 
goes about his determinations rather than with what 
determinations are made or how accurately they are made. 
The thought patterns are seen to be as important, if not 
more so, than the knowledge itself. 

In the deductive laboratory the student follows 
explicit directions for collecting and processing data 
according to a plan, that which is stated in the laboratory 
manuals. These activities are especially appropriate for 


Students with little or few laboratory skills. They are 
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also important for students who require hands-on experiences 
to help make concepts more significant. Schwab (1964) 
however, perceives these activities as only prerequisites to 
miouityen Nay (1970, ps) 22), .0n the other hand, sees them as 
inquiry but of a low level type. 

The ALCHEM 30 laboratory experiments provide students 
with the opportunity of practicing skills such as 
measurements of mass, volume, density, etc. The experiments 
also acquaint students with the use of graduate cylinders, 
burets, pipets, calorimeters, voltmeters, pH meters, etc. 
Concepts such as percent error, limitation of measuring 
instruments, dimensional analysis, etc. are also presented 
to the student. Nevertheless, inquiry, if defined in terms 
of scientific process skills, demands that the above skills 
be initiated and developed by the students as well as being 
practiced. Of course, the student needs to be shown how to 
perform specific acts necessary in executing a laboratory 
skill, and he will have to acquire a certain degree of 
expertise in that skill; but in an inquiry lesson the 
laboratory manual should not provide the student with 
explicit directions of which skills he is to use nor when he 
is to use them. These ought to be the student's 
responsibility to a greater or lesser degree depending upon 
the prevailing circumstances. Otherwise, the student is 


only practising the skills of process. He is not initiating 
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and developing them. 

The student participating in an inquiry laboratory is 
operating before, during and after the laboratory period at 
a higher cognitive level: seeking background information, 
hypothesizing, designing the collection of data, identifying 
the limitations of design, modifying procedures, repeating 
Ene experiment, using trial and error, recognizing failures 
and limitations, describing, tabulating, recording, 
processing, judging, interpreting, formulating, and so on. 
These are processes of scientific inquiry and the essence of 
learning science by inquiry as defined in Biological 
Sciences Curriculum Study (BSCS), Science-A Process 
Approach, and other curriculum projects. 

In the light of the above discussion it must be 
concluded that using only ALCHEM 30 materials and its 
implied strategies, many of the objectives cited in the 
curriculum guide with reference to the laboratory work are 
difficult to attain unless the teacher makes appropriate 
modifications on the basis of an acceptable rationale. 

The dilemma of trying to attain the educational 
objectives regarding the scientific process skills and 
inquiry teaching was perhaps the main reason for this study. 


Educational objectives have many functions, but according to 
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.--perhaps the most important one is that of guiding 

decisions about the selection of content and of 

learning experiences and of providing criteria on 

what to teach and how to teach it. ...No matter what 

its nature, the statement of desired outcomes sets 

the scope and the limits for what is to be taught 

and learned. (Taba, 1962, p. 197) 
This ends-means rationale initially prompted the undertaking 
of this study. 

Implications for Science Teaching 

Why is it so important to have students design their 
Own experimental steps, organize and tabulate their own 
data, and process results in their own way? The teaching 
strategy of this study rests on the assumption that these 
activities, which are the foundation of most problem solving 
strategies, are important ones for students to exhibit. 

To say that these activities, the scientific process 
skills, are important, is to agree with the experts, the 
Curriculum theorists, who state that these activities are 
the activities that scientists engage in and, therefore, are 
worthwhile activities to learn. The experts also claim that 
students will "learn how to learn." These claims require 
further elucidation. 

The experiences of the laboratory work in the science 
curriculum are probably closer to the real world of science 
for the student than any other experience. However, the 


bits and pieces of the activities must fit together in such 


a way that the experiences are relevant and meaningful for 
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the student. To be told precisely how to perform and 
process an experiment does not mean that students will 
necessarily learn how to use the scientific process skills 
or that they will learn how knowledge is acquired. They are 
not experiencing the proper activities, and to go on 
repeating the exercise will probably not help, regardless of 
the number of times it is repeated. A student completing 
the present ALCHEM program (10 20, and 30 sequence) will 
perform over twenty such experiments. Schwab, disclaiming 
such activities in the science classroom, says 


On the one hand, there iS a growing tendency to 
escape the diversities of enquiry by conceiving it 
as primarily a matter of simple "controlled 
experiment,” of precision, and of technical 
proficiency. Under the sway of this false 
Simplicity, many science classrooms are being 
converted into research microcosms in which every 
high school student, regardless of interest and 
competence, is supposed to act, on a small scale, 
like a scientist. He is required to master 
techniques and to collect data. But the 
intellectual problem of interpreting these data is 
avoided and the problem under enquiry is treated as 
something given. Meanwhile the textbook [laboratory 
manual] continues to be a rhetoric of conclusions 
and the end result is little nearer the mark of the 
teaching of science as enquiry than our former 
habits. (Schwab, 1964, p. 102) 


The situation in the Alberta classroom today, nearly twenty 
years later, has apparently changed very little. If the 
activities that scientists engage in are considered 
worthwhile to learn (Schwab, 1964, pp. 73, 96, 102), then 
the important questions to consider become whether the 


activities can indeed be experienced by high school students 
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and, if so, to what degree. Furthermore, if students 
experience the activities, what is it that they learn from 
them? 

The activites of this study are suggested by theory, 
bareicularnly by Schwab (1964, p. 55) and his levels of 
onquiry. In practice this theory perhaps may prove not to 
be therbest way to iearn the scientific process skills. The 
higher level inquiry laboratory exercises may require an 
inordinate amount of classroom time and not permit other 
objectives in the discipline to be realized. This teaching 
strategy may be inappropriate for students at this age 
level. Perhaps these activities should only be carried out 
at the university level where materials, resources and 
teacher expertise are available to a greater degree. Or, 
the use of these activities at the high school level may be 
"perverted." Schwab suggests that 

The use of scholarly material as a resource Por 
curriculum can be perverted, ... . Perversion 
consists of warping the scholarly material out of 
their character in order to force*them to serve a 
curricular purpose which fascinates the planners. 

(Schwab, 1973, p. 377) 

In the opinion of the investigator of this study the 
curriculum developers of the ALCHEM series have provided far 
too few of the process skills under discussion in their 


laboratory exercises. Process skills for the original 


experiments and the revised experiments are displayed by 


means of a grid in Appendix A. 
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For the reasons stated, this study, a teacher study, 
Should be undertaken; and judging from the insignificant 
numbers of studies of this type of "action research" 
endeavors of this kind are overdue. There have been too few 
Studies stressing the practical side of educational 
research. Schubert, believing that the theoretical 
Orientation is the dominant one in education today rather 
than the practical one, concludes by saying: 

Finally, practitioners and scholars must inquire 
together to discover research modes that must 
productively serve the masSive problems confronting 
the daily flow of students into the schools. 
(Schubert, 1980) 

Introduction to the Problem 

The present evaluation methods used in the science 
laboratory are relatively rudimentary and limiting, and the 


majority of tests used in science are concerned primarily 


with the knowledge and comprehension levels of behavior 
identified in Bloom's Taxonomy of Education Objectives, 
Handbook I: Cognitive Domain (1956). 


By employing in the laboratory a somewhat different 
Strategy than the one suggested in ALCHEM 30, the author of 
this study hopes to determine whether unstructured 
laboratory eeer ents can provide experiences for students 


that have a greater opportunity to develop the higher level 


type of cognitive skills. 
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Pupils' attitudes and feelings for this type of 
teaching strategy are also sought: Do students yeteonenene 
challenge of design and processing? Are the requirements 
too difficult? Do students enjoy this type of laboratory 
experience as much as the the conventional type? How will 
this type of inquiry teaching affect the students' attitudes 
toward science as a discipline? How will it affect 
attitudes toward learning? 

Statement of the Problem 

The purpose of this study is three-fold: 

1. To determine the manner and extent to which students who 
are presented with laboratory experiences which are 
minimally structured are able to attain the objectives 
in the conceptual (higher level), affective, and 
Scientific process skill domains. 

2. To determine how students "feel" about learning 
chemistry by inquiry: the subjective meanings that 
students attach to their own behavior regarding this 
type of inquiry learning. 

3. To determine whether an inquiry oriented laboratory 
program enhances student performance in the utilization 
of scientific process skills and in the understanding of 
scientific attitudes. 


Other purposes of the study are embodied in the 


following questions: 
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1. What, if any, is the consequence on concept development 
of spending the additional time required on inquiry 
laboratory exercises? 

2. What is the relationship between performance on 
paper-and-pencil tests and laboratory reporting? 

3. How does the evaluation obtained from the 
empirical-analytic research paradigm relate to that 
obtained from the interpretative-situational one? 

4. What specific strategies must be employed by the 
classroom teacher to teach the chemistry laboratory by 
inquiry? 

5. Do the strategies of this study provide a practical way 
of teaching scientific process skills and developing 
Scientific attitudes? 

Research Design 

In order to determine the manner and extent to which 
students attain objectives in the three domains (conceptual, 
affective and scientific process skill) a di-paradigmatic 
approach was used. Quantitative data, collected from 
several testing instruments (content exam, process skill 
test, attitude test, and laboratory reports), were analyzed 
by the conventional empirical-analytic paradigm. 

Qualitative data from such instruments as questionnaires, 

written statements, taped interviews, and a teacher's log 


were analyzed by means of the situational-interpretative 
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paradigm. 

The effectiveness of the inquiry teaching strategies 
used in this study was first assessed during two pilot 
programs which preceded the main study. The evaluation of 
the data collected from the pilots indicated that students 
achieved some of the stated objectives in all three domains. 
The main study evolved into its present form from 
refinements of testing instruments and data gathering 
techniques of the pilots. The qualitative data were 
collected to determine how students felt about the 
laboratory program. Most of the data collected in the study 
were gathered to determine the meanings, the intents, and 
the attitudes that students had toward the laboratory 
program. Too often students are not consulted about how 
they feel about a new program. 

Definition of Key Terms 

1. ALCHEM 30. This science subject is a high school 
chemistry course at the grade twelve level consisting of 
three units which comprise the core: chemical 
energetics, oxidation-reduction, and acids and bases. 
Student laboratory experiments, exercises, 
demonstrations, and textual materials are integrated in 
the applied and descriptive chemistry content. The 
laboratory experiments provide students with detailed 


procedural steps, set-ups of apparatus, directions for 
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collecting data, and methods for treating data. 

Revised ALCHEM 30 Experiments. The eight experiments in 
ALCHEM 30 have all been revised and the number has been 
extended to 11 experiments. Students are required in 
the revised experiments to design experimental steps, 
provide set-ups of apparatus, tabulate observations and 
interpret data in their own way. These skills are 
initiated by the student in the revised experiments 
whereas in ALCHEM 30 directions are provided. See 
Appendix B. 

Scientific Process Skills. These are the activities 
that scientists engage in while attempting to understand 
Nature. They are many and complex. For purposes of 
this study, the activities, analyzed into simpler 
behaviors, are those identified in An Inventory of 
Processes in Scientific Inquiry by Nay and Associates 
(1971). The inventory is based on Science -- A Process 
Approach (Gagne, 1965), Schwab's theory on the structure 
of the disciplines and his meaning of inquiry (1964), 
and Nay's own perception of the nature of science and 
Science teaching. (See Appendix C). The Inventory is 
used as the basis for defining objectives in the process 
domain. There are two aspects to these objectives: one 
which involves students knowing the processes of 


Scientific inquiry (cognition) and the other which 
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requires students to use them while solving problems 
(action). 

Inquiry Approach to Teaching Science. With reference to 
this study the notion of inquiry teaching in the 
laboratory is based on Schwab's concept of teaching 
Science (1964). He insists that students are able to 
learn science by inquiry which he describes as a series 
of strategies and processes not divorced from content. 
The inquiring laboratory serves two functions: (1) "to 
provide a tangible experience of some of the problems 
dealt with and of the difficulty of acquiring data." 

(2) The laboratory manual "ceases to be a volume which 
tells the student what to do and what to expect.” 

(1964, p. 55). Inquiry, particularly Schwab's more 
recent views, are discussed further in Chapter II. 
Levels of Inquiry. The level of inquiry, for purposes 
of this study, increases as the amount of structuring 
(direction and guidance) provided by the laboratory 
manual and the teacher decreases. Schwab (1964) 
describes three levels of inquiry in the laboratory. In 
his third and highest level of inquiry, for example, the 
Bproolem, as well as answer and method, are left open: 
the student is confronted with the raw phenomenon." 
(1964, p. 55). Nay (1970) describes the directions 


given to the student at each level of inquiry in terms 
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of scientific process skills, and he includes the 
"cook-book" type of experiment (highly structured) as 
the lowest level of inquiry while the highest level has 
the greatest amount of self-direction and creativity on 


the part of the student. (See Appendix D). 


Affective Domain. The affective domain refers to the 


set of objectives in An Inventory of Affective 


Attributes of Scientists (Nay and Crocker, 1970, pp. 


61-62). The objectives are classified as interests, 
operational adjustments, intellectual adjustments or 
attitudes, appreciations and values. See Appendix E. 
Attitude Domain. This area is a subset of the affective 
domain. On the one hand it refers to the attitudes and 
personal feelings that students have toward their 
Participation in the laboratory program. To determine 
these feelings is a major purpose of the study. On the 
other hand it refers to scientific attitudes. These 
arise from the intellectual adjustments in the inventory 
by Nay and Crocker (1970) and are the intellectual 
behaviors which are foundational to the scientist's 
contribution to or acceptance of new scientific 
knowledge. Kozlow and Nay (1976) identify three 
components for each of the behavioral objectives under 
the attitudes in the inventory: cognition, intent, and 


action. The cognition component deals with knowing and 
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understanding how attitudes manifest themselves in the 
professional behavior of scientists. The intent 
component deals with approval or disapproval by students 
of behaviors which define an attitude. The action 
component represents to what extent behaviors, which 
define an attitude, are demonstrated by students (Kozlow 
and Nay, 1976, pp. 149-150). 

Concept Domain. For the purposes of this study this 
refers primarily to the chemistry content in ALCHEM. 

How students are able to deal with this content will be 
measured in terms of Bloom's Taxonomy which “includes 
those objectives which deal with the recall or 
recognition of knowledge and the development of 
intellectual abilities and skills.” (Bloom, 1956). 
Processes of Science Test (POST). The important 
scientific process skills measured by this test are 
indicated in Appendix F. 

Test on Scientific Attitude (TOSA). Regarding this 
study, TOSA measures (a) the student's understanding of 
how scientists behave attitudinally while doing research 
and (b) the student's intended attitude behavior in such 
scientific attitudes as objectivity, open-mindedness, 


and critical mindedness. See Appendix G. 


11. Evaluation Paradigm. The term paradigm, in this study, 


refers to a conceptual model, a perspective (Kuhn, 
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1970). Two evaluation perspectives are used in this 
study: empirical-analytic and 
situational-interpretative. These paradigms have their 
definitions in the works of Habermas (1971) and have 
been adopted by Aoki (1978, 1980) and others in 
curriculum development and evaluation. The 
empirical-analytic is the conventional test-based 
paradigm used in educational research and often called 
technical or normative. The situational-interpretative 
paradigm, in this study, is concerned with the meanings 
that students in a laboratory classroom, assume and 
bring to the social setting. It iS a way of breaking 
down the "complex nature of reality" (Patton, 1975). 
Delimitations and Limitations 
In the empirical analytic paradigm, this study is 
delimited to three quantitative meaSuring instruments: 
Chemistry 30 Achievement Test (Chem 30 Test), Process of 
Science Test (POST), and Test on Scientific Attitudes 
(TOSA). These tests have their own imposed limitations 
and will be discussed in greater detail under Testing 
Instruments in Chapter 3. The results from the three 
quantitative instruments provide data only in the 
concept, scientific process skill and attitude domains 
respectively in relation to inquiry teaching. 


In the situational-interpretative paradigm, this study 
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is delimited to four data gathering instruments: 
questionnaires, written comments, taped interviews and 
Enepteache: S; log...) The teacher's log is a, compited 
record of salient student laboratory activities made by 
the teacher who is acting somewhat as a 
'participant-observer.' 

The study is confined to the laboratory component of the 
revised ALCHEM 30 experiments. 

Caution should be exercised in generalizing the findings 
from this study because of the non-random sample used 
and the limited range of quantitative and qualitative 


data-gathering instruments. 
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CHAPTER 2 


REVIEW OF THE LITERATURE 


The review of the literature in this chapter attempts 
to show historically how researchers have viewed the role 
and the nature of the chemistry laboratory. Because the 
setting of the present investigation is a high school 
chemistry laboratory, views about the laboratory are 
considered of paramount importance. Sections adopted for 
this study and relevant to methods of evaluation by the 
empirical-analytic and the situational-interpretative 
paradigms follow the nature of the chemistry laboratory 
review. 

Role of the Laboratory 

The traditional role of the laboratory in the teaching 
of chemistry has been one of mainly providing the student 
with illustrations, demonstrations, and a place where 
principles and concepts can be verified. Blackboard 
chemistry and classroom work have always been supported by 
the laboratotory work; however, the traditional laboratory 
"emphasized what is known rather than how it is known, 
consequently the modes of inquiry of science received little 
attention" (Pawloff, 1974, p. 11, emphasis added). 

As early as 1916 the progressive movement led by John 


Dewey advocated the investigative approach in science. 
20 
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Later Dewey (1938) emphasized problem-solving and encouraged 
courses in "practical" science. And ever since, for nearly 
fifty years, the work of students in the laboratory has been 
criticized by educators: some have suggested that the 
laboratory iS a waste of time while others have insisted the 
experiences are indispensable (Tamir, 1976). 

In the 1960's the role of the laboratory was 
re-emphasized. Science educators insisted that the 
curriculum had to be "laboratory-centered rather than text 
or lecture-centered" (Romey, 1968, p. 20). Piaget (1964) 
and studies in developmental psychology showed that children 
needed concrete experiences in order to learn scientific 
concepts. Ausubel (1968) contended that older students 
encountering unfamiliar types of study required similar 
concrete experiences. Ramsey and Howe (1969) reviewing 
studies on laboratory experiences of the new curricula of 
the 1960's wrote: 

It has been, and indeed it is the trend in many of 
the course improvement projects, to make laboratory 
experiences central to instructional procedures in 
science, yet direct research on what these 
experiences should be, how they should be organized, 
and where they function best, is indeed meager. 

(1969, p. 76) 

The authors of CHEM Study stated that "heavy reliance is 
placed upon laboratory work so that chemical principles can 


be drawn directly from student experiences." The laboratory 


work gives "maximum opportunity for discovery, the most 
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exciting part of scientific activity." (Chemical Education 
Material Study, 1963, Foreward; Bates, 1978). This 
attitude, regarding laboratory work as a learning mode, has 
been supported by Smith et al (1968) and Cooper and Petrosky 
(1974). These studies showed that students selected 
laboratory work as the preferred instructional mode. 

By the 1970's, the role of the laboratory in secondary 
school programs was considered a foregone conclusion. The 
Commission on Professional Standards and Practices of the 
National Science Teachers Association (NSTA, 1970) said, for 
example, "the time is surely past when science teachers must 
plead the case for school laboratories." (NSTA, 1970, p 3). 
Shulman and Tamir (1973) stated "With the advance of new 
curricula which stress the process of science and emphasize 
the development of higher cognitive skills, the laboratory 
has acquired a central role, not just as a place for 
demonstration and confirmation but rather as the core of the 
science learning process." 

Today in the 1980's the situation, in the United States 
at least, appears to be changing. Because of the existing 
economic conditions, new austerity programs demand 
priorities, justifications, and restraints. And according 
to Bates (1977, p 56) science teachers are being required to 
"Justify their requirements" for the laboratory. Recently, 


Alberta Education has been pressured to reinstate provincial 
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wide examinations. Prior to 1973, the provincial Chemistry 
30 examinations, then known as the "departmentals", seldom 
included questions on laboratory activities; and, 
coincidentally, it was rumored at the time, that some 
teachers actually taught the science course without 
including the laboratory experiments. Laboratory work, for 
some teachers, wasS not considered important. Yager, Engen 
and Snider (1969) found that some advanced level students 
claimed that the lab work was for them a waste of time. 
Bates (1978, p 72), on this issue, suggests that the 
background of the student may not be properly matched to 
"appropriate laboratory experiences." If the laboratory 
component of the science curriculum is to survive, it is 
imperative that research determine ways of evaluating what 
is happening in the laboratory and what it is that is 
worthwhile. 

At present, the laboratory work still plays an integral 
role in the teaching of science in Alberta. In every 
Science course (ALCHEM, Keys to Chemistry, Project Physics, 
BSCS, etc.) the laboratory is not only compulsory but in 
some programs it plays the dominant role. Student — 
laboratories and demonstrations sometimes lead rather than 
supplement the classroom activities. For example, the first 
two experiments in ALCHEM 30 dealing with molar heat of a 


phase change and molar heat of a chemical change are 
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sequenced early in the unit on Energy, and the classroom 
work 1s essentially a prelab discussion to help the student 
understand the concept of molar heats. 

Investigating the role of the laboratory, Bates (1978, 
p 74) suggests the following tentative conclusions from 


Current research: 


1. Lecture, demonstration, and laboratory teaching methods 
appear equally effective in transmitting science 
content. 


2. Laboratory experiences are superior for providing 
Students skills in working with equipment. 


3. Although most research has failed to assess outcomes 
that might be specific to the laboratory, meaningful 
laboratory measures can be developed; the laboratory 
appears to represent a Significantly different area of 
science learning than content acquisition. 


4, Some kinds of inquiry-oriented laboratory activities 
appear betterthan lecture/demonstration or verification 
labs for teaching the process of inquiry. However, 
teachers need to be skilled in inquiry teaching methods; 
specific inquiry training should be provided over 
extended periods; and students need both time and 
guidance to become comfortable with the new methods 
and expectations. 


5. Laboratories appear to have potential for nurturing 
positive student attitudes and for providing a wider 
variety of students with opportunities to be successful 
in science. 


6. Recent and continuing research on the role of science 
teaching for nurturing cognitive development may, in 
the relatively near future, provide important new 
science teaching strategies in which properly designed 
laboratory activities will have a central role. 
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The perspectives of this study are particularly 
pertinent to points 3, 4, 5, and 6 above and are attempts to 
determine, under controlled conditions, what is happening in 
a high school chemistry laboratory. 

The Nature of Laboratory Work: Inquiry 

As mentioned previously, the traditional role of the 
laboratory was to support the classroom science teaching by 
illustration and verification. Since the 1960's the role of 
the laboratory has steadily increased. This increase has 
brought about different teaching strategies: inquiry, 
discovery, problem solving, inductive teaching, etc. Schwab 
(1964) identifies these strategies by classifying them as 
levels of inquiry. At the first level (the simplest) the 
teacher or the manual poses the problem and describes the 
methods to be used by the student. The student, presumably, 
does not know the answer to the problem beforehand. At the 
second level, the problem is given but the methods and 
answers are not. While at the third level, the student is 
"confronted with the raw phenomenon." At this level 
problem, method, and solution are not given (Schwab, 1964, p 
alow ie 

The laboratory experiments in the Chemical Bond 
Approach Project (1963), Investigating Chemical Systems, are 
structured in a manner similar to Schwab's levels of 


inquiry. (This program was piloted in Alberta but because 
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of its difficulty was never adopted.) Students performing 
Group I experiments in CBA are given considerable background 
information in order to plan the laboratory work and a great 
deal of help in the form of specific directions by the 
laboratory manual in actually doing the experiment. Group 
II experiments are more difficult. The student is given 
fewer directions to conduct the experiment and process the 
data. Finally, in Group III, the student is given very 
little help: the problems, which are more difficult than in 
Group I and Group II, resemble projects for independent 
Study. Students reaching this level are encouraged to 
participate in designing experiments: 

At first the task of proposing a plan for conducting 

an investigation will be somewhat difficult for you. 

After you have participated in this type of activity 

several times, you will find that this phase of the 

laboratory work is challenging and rewarding. It is 

hoped that you will develop some ingenuity in the 

design of investigations. This will be especially 

important if you wish to undertake the investigation 

of any of the experiments included in Group III. 

(CBA Project, 1963, p 4) 

In the present study some features of the CBA Project 
have been incorporated. The first experiment in each unit 
in the Revised ALCHEM 30 resembles the Group 1 type 
experiments in CBA while subsequent experiments resemble 
Group II and III from CBA. Another source which influenced 


the format of the written reports and the structure of the 


laboratory program for the Revised ALCHEM 30 experiments was 


the The Laboratory Structure and Task Analysis (LAI): A 
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Users' Handbook by Fuhrman, Lunetta, Novick, and Tamir 
(1976). The notion of high and low structure, the postlab 
discussion, and the categorization of levels of student 
designs and observations, all found in the Task Analysis 
Inventory, influenced the methodology that was finally 
adopted in this study. 

Nay (1970) describes the laboratory exercises mentioned 
in CBA in terms of Schwab's levels of inquiry and emphasizes 
that the degree of structuring stated in the laboratory 
manual and the amount of guidance provided by the teacher 
influences the level of inquiry. The nature of the 
structuring and guidance is in terms of the processes of 
Inguigry.: initiation, collection vof data, processing.of. data, 
conceptualization of data, and open-endedness (Appendix C). 
However, the level of inquiry teaching attained will depend 
upon the teacher, particularly his style and commitment. It 
will also depend upon pupil preparation and available 
resources (Nay, 1970, p 23). Nay's chart "Characterization 
of an Inquiry Lesson " (Appendix D) relates the degree of 
structure and guidance, level of inquiry, and teaching mode. 
The teaching strategy in this study based on Nay's premises 
is such that the structuring of the learning (from the lab 
manual) and guidance by the teacher are both gradually 


decreased within each unit and throughout the year. 
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Recent studies concerning laboratory activities have 
focused on such dimensions as: ability to generalize in new 
Situations, ability to use the process skills specific to 
science, proficiency in the necessary process and 
psychomotor skills, student attitudes, and the process 
dimension of knowledge (Science Education Information 
Reports, 1979). 

Recently Hofstein and Lunetta (1982, p 213) reviewing 
the role of the laboratory in science teaching insisted that 
"there was a real need to pursue vigorously research on 
learning through laboratory activities..." In their summary 
of the research they said: 

Appropriate laboratory activities can be effective 
in promoting logical development and the development 
of some inquiry and problem-solving skills. For 
example, they can assist in the development of 
manipulative and observational skills and in 
understanding scientific concepts. They also can 
promote positive attitudes, and they provide 
opportunities for student success and foster the 
development of skills in operation and 
communication. (1982, p 212) 

Schwab (1964) agrees that process skills can be learned 
by the student outside of the laboratory. The study of case 
histories, advocated by Schwab, is included in Project 
Physics (1973); but the most opportune place to develop the 
process skills of scientific inquiry is in the laboratory 
(Powley, 1971, p 203). Furthermore, the development of the 


skills are best done with investigative type experiments 


rather than the verification approach. 
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Evaluating the Laboratory 


The majority of studies about the laboratory, according 
to Bates (1977, p 63), have not focused on "instructional 
aims from the cognitive, affective, and psychomotor 
domains." Nevertheless, in reviewing the work of Shulman 
and Tamir (1973) Bates (1978, p 63) mentions that laboratory 
performance skills are now being evaluated and distinguished 
from science content acquistion. Klopfer (1971) has a Table 
of Specifics for evaluating science instruction which 
includes means to measure the effectiveness of the 
laboratory. Klopfer's objectives for the Process of 
Scientific Inquiry are similar to the model for this study: 
Nay's Inventory (Appendix C) 

Laboratory objectives were first proposed by Mager 
(1962), Nedelsky (1965), Atkin (1968), Popham (1969), and 
others. Although not called such, these objectives were 
largely based on expected student behaviors. Nedelsky 
(1965) using the taxonomic approach outlined the following 
abilities: (a) dealing with knowledge, (b) understanding 
theory and phenomenon, etc., and (c) learning from 
experiment (laboratory skills, disciplined and imaginative 
thinking). Nedelsky's laboratory work, based on his 
objectives, produced laboratory experiments that were 


adopted by Chemical Bond Approach (1963). 
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Pawloff (1974), summarizing the effects of different 
laboratory techniques, found that although laboratory work 
plays an important role in the science curriculum, few 
Studies here produced significant results. Different 
instructional techniques have had "little effect on the 
outcomes that we are presently able to measure." (Pawloff, 
1974, p 72). In his reviews, Bates (1978, p 57) looking at 
outcomes that research seeks to meaSure and at the 
evaluation instruments used, is in agreement with Pawloff. 
As mentioned earlier, the outcomes in the laboratory are now 
recognized as being more than mere content acquisition. 

The majority of outcomes meaSured are largely in the 
cognitive domain and the principal evaluative paradigm is 
the empirical-analytic, the conventional one. Growth in the 
affective domain has been little researched -- the 
attributes are difficult to measure and very time consuming 
(Pawloff, 1974). Indeed, "the affective growth of students 
in the science classroom is virtually ignored. If any 
growth does take place, it is usually insignificant ... and 
develops by chance or as a by-product" (Nay and Crocker, 
1970 p 2). 

The reseach on the evaluation of achievement in the 
sciences has been the main concern, until recently, while 
the evaluation of laboratory activities, particularly the 


process skills in the laboratory, was ignored. The 
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classroom teacher in Alberta has had few evaluative 
instruments provided for him. Prior to 1973 the Alberta 
Department of Education issued compulsory final examinations 
for students seeking senior matriculation from an Alberta 
high school, but these tests contained few questions about 
the student's work in the laboratory. The questions which 
did appear dealt mainly with scientific knowledge, and the 
process skills and the affective attributes were absent. 
Tamir and Glassman (1970), on this issue, insist that 
students will be motivated to a much greater degree if they 
"know they will be examined on laboratory competences and 
procedures..." Kruglak (1954, 1955, 1959) showed that 
laboratory skills are difficult to properly evaluate by 
means of paper-and-pencil tests and probably can only be 
done in a valid manner with "performance tests". Jeske's 
Survey on methods of evaluating practical activity (1980, p 
60) includes the Klopfer Model--a scheme for categorizing 
the range of student behaviors. Klopfer's objectives of 
developing skills in using laboratory equipment and 
performance of common laboratory techniques are effectively 
assessed by the practical examination, but the best way to 
assess the student's skills in the Processes of Scientific 
Inguiry, is to observe the student while engaged in inquiry. 
The action component of ‘the affective domain (attitudes and 


interests) in the Klopfer model are also assessed by 
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Ovserving students in action (Klopfer, 1971). 

The multitude of competencies required by students 
performing laboratory work has been analyzed by several 
educators: Taxonomy of objectives in the cognititive domain 
(Bloom, 1956); taxonomy of objectives in the affective 
domain (Krathwohl et al, 1964); inventories and categories 
of process skills (Nay et al, 1971 and Klopfer, 1971). 
These taxonomies and inventories determine levels of 
scientific inquiry described by Schwab, and they attempt to 
describe common rather than specific acts and processes 
needed in the science laboratory. 

In the present study, Nay's inventory, An Inventory of 
Processes in Scientific Inquiry (See Appendix C), was chosen 
over the other schemes as a model for evaluating behavioral 
objectives in the laboratory. The inventory is, of course, 
more than an evaluation scheme. It is a model for 
instruction--a model with structure that parallels the 
format (form and sequence) of the experiments used in ALCHEM 
and yet is not too rigid. In addition, the inventory 
contains a more extensive list of processes in scientific 
inquiry than the other models mentioned. The inventory has 
been used with the students of this study as a guide to 
understanding the research behavior of scientists and as an 
annotated list of process skills which students are likely 


to exhibit before, during, and after a laboratory 
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experiment. 
Empirical-Analytic Paradigm 

The parameters of the empirical-analytic type of 
research (also called technical, normative and sometimes 
scientific) are reliability and validity (Kerlinger, 1964). 
The evaluation is perceived as means-ends. It is 
achievement oriented and goal based. The notion that life 
and reality are "out there” and can be explained with 
certainty and predictability is a paramount belief of 
achievement oriented evaluators. The way of knowing is 
empirical and our understanding of knowledge comes from 
facts, hypotheses, theories, and laws (Aoki, 1978). 
Evaluators in this paradigm set up predetermined goals then 
determine the realization of these goals by stressing 
measurements of student achievements. Critics of this 
paradigm suggest that the student becomes indoctrinated 
through a process of training and "inculturation" before he 
is allowed to determine his own valid point of view (Rothe, 
POTOmeOp es 21-2) ) s 

The Tyler rationale which has been perhaps the most 
persistent model in curriculum evaluation has been, in 
Kliebard's words, "raised almost to the status of revered 
doctrine." Kliebard points out that if educational 
objectives need only be consistent with one's educational 


philosophy, then we had better take a good look at the 
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educational philosophy. Although the objectives are drawn 
from studies of the learner, studies of society, and 
Suggestions from subject matter specialists, this still 
leaves us with the problem of arriving at a proper 
philosophy (Kliebard, 1975, pp 70, 77, 80). 

The Stake model consisting of Intents, Observations, 
Standards, and Judgments has a difficulty. Called the 
"1f-then program", the model rests on the rationale 
(Standards) of the experts, and it is the rationale of the 
experts which need to be critically examined (Taylor and 
Cowley,1972, p 96). 

Research testing systems such as pre and post-tests, 
questionnaires, analyses, etc., have a technical interest in 
knowledge. The technical knowledge is valued for itself as 
being "precise, transmissible, and innovative, its 
acquisition is inspired by desire to dominate the worlds of 
nevuce,+shumanit yyiatia: Sogvery.ints. (Gurvitch, 1971, p 29). 
Habermas (1971, p 309) calls this the "cognitive interest in 
technical control" and names it the empirical-analytic 
approach to evaluation in research. The process-product 
reasoning in industry with its stress on systems management 
and accountability has permeated with force into the school; 


and this reasoning often reduces people to "manipulative 


abstractions" (Apple, 1974, p 10). 
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Speaking on predetermined behavioral objectives, Apple 


quoting Bernstein says, 
One can value, Say, predetermined behavioral 
objectives for their supposed ability to lead to 
measurable outcomes (their efficiency as means to 
reach previously chosen ends); however, the very 
notion that such reductive and atomistic curricular 
formulations are worthwhile educationally in 
themselves is an arguable assertion to say the 
least. It can certainly be argued that they embody 
an ideology of control, that they place much too 
high a value of certainty above all else, that they 
are inaccurate representations of and trivialize the 
Processes Of inquiry... « (Apple, ., 1974, p. 11) 

To conclude the review of the literature on the 
prevailing paradigm, a word from Power seems in order. 
Power (1976, p 579) reiterates that the traditional paradigm 
employs acceptable standards of procedures and demands 
rigorous objective treatment of data collecting and 
processing. The rules are well established and they have 
worked for most types of research; however, in science 
education they impose constraints. 

The results may be valuable to research workers in 
the same field, but rarely has the experimental path 
yielded anything of real significance to science 
teachers or had any real impact on practice. 

(Power, 1976, p 592). 

The review of the literature has uncovered some rather 
harsh words about the worth of predetermined behavioral 
objectives and about the empirical-analytic orientation 
which has been responsible for much useful research. For 
the present study, the undeniable inference from these views 


is that other perspectives are needed if the ideology of 
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control is to be broken, and if the positive-rational action 
that Habermas says tends to depersonalize human interaction 
is to be arrested. Perhaps we in education are indeed 
trained, as Apple says, "to believe in the efficacy of our 
technical expertise" (Apple, 1974, p 16). 

The review of the literature has also revealed that the 
predominant paradigm when applied to research in science 
education, at least, has produced an inordinate number of 
conflicting results. It has also produced a large number of 
Studies with "no significant difference" in the results. 
Furthermore, studies in this paradigm are too restrictive. 
Only a narrow view of reality is being investigated largely 
due to two prerequisites: objectivity and controls. Oldham 
(1981) in an analysis of current paradigms in science 
education research cites several contemporary researchers 
who found the dominant paradigm wanting: Bowen (1975), 
Driver and Easley (1978), Jenkins (1976), Kempa (1976), 
Lovell and Lawson (1970), Patton (1975), Roberts and 
Russell (1975), and Sanders and Schwab (1979). 

The classroom and the laboratory are seen as complex 
settings which, if to be effectively evaluated, require 
additional evaluation paradigms. The criticisms of the 
empirical-analytic paradigm discussed so far justify to some 


degree the direction of this study. Employing a dual 
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approach, (the empirical-analytic and the 
Situational-interpretative--previously defined in Chapter I) 
this study emphasizes the situational-interpretative 
paradigm to a greater extent, not only on the basis of the 
criticisms by Rothe (1979), Kliebard (1975), Power (1976), 
Apple (1974), and Oldham (1981) but also because of the size 
and nature of the population of the main study. Rigorous 
and significant empirical conclusions can hardly be expected 
from a study which employs an unrandomized population of 
only twenty students. To investigate the problem of this 
Study solely by means of the empirical paradigm would 
necessitate adequate randomization, stricter controls, anda 
much larger population--all either impossible or 
unmanageable. Even if some of the extraneous variables 
(intelligence, motivation, dedication, enthusiasm of the 
teacher, etc.) could be controlled, thereby increasing 
precision of results, generalizability would unfortunately 
decrease. 
Situational-Interpretative Paradigm 

The anthropological paradigm employs the ethnographic 
approach (Power, 1976) and is called the 
situational-interpretative by Habermas. This approach 

demands that the investigator does intensive 

fieldwork in classrooms of a kind which allows him 

to become a participant observer rather than a 


detached scientist manipulating, controlling and 
measuring people and events. (Power, 1976, DP. 582) 
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Aoki insists that this type of research in curriculum 
evaluation is vitally complementary to the traditional type 
of research. The researcher must communicate: "clarify 
motives, authenticate experiences and common meaning." 
erge0, “Pp 12) 

Using Habermas' three orientations (empirical-analytic, 
interpretative, and critical-theoretic) Aoki argues that the 
three orientations can be used not only for research but as 
paradigms for curriculum development and evaluation. By 
interpreting people's perceptions about a program, the 
researcher determines whether a program is relevant, 
meaningful, and worthwhile (Aoki, 1978, p 14). 

Power's "philosophical" paradigm resembles Habermas' 
critical-theoretic. To answer the question "What is 
educational about educational research?", Power argues that 
the question may have a solution if subjected to a 
systematic philosophical analysis (1976, p. 584). The 
researcher, using the critical inquiry perspective, says 
Aoki, must "himself become part of the object of the 
mquery. 91980, Dp. 13} 

A scheme to classify evaluation models is suggested by 
House (1978, p 12) who makes use of classification models by 
Stake (1972), Popham (1969), and Worthen and Sanders (1973). 
The taxonomy which House describes includes eight models in 


a grid of "critical dimensions" listed vertically for 
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comparison. These include designations such as proponents, 
methodology and outcomes. As one moves down the methodology 
column the research methods become less academic and more 
phenomenological. As one moves down the outcomes the 
overall concern emphasizes more personal understanding. 
House, for example, labels Tyler's model of behavioral 
objectives as utilitarian -- one which employs traditional 
academic models; whereas, the proponents of Stake, Smith, 
MacDonald and Parlete-Hamilton have models termed 
transaction and are ones which use case studies, interviews 
and observations as their methodology. 

The Pilot Study uncovered useful techniques and general 
methodologies of the situational-interpretive paradigm; and 
these research methods have heen applied to the evaluation 
of the laboratory teaching strategy of this study. Several 
ethnographic investigative techniques found in the 
literature are examined in the following section. 
Participant Observer 

Wilson et_al (Center for New Schools, 1974) found that 
goals reached from data collected from interviews, 
questionnaires, and observations were best attained when 
participants were involved, whenever possible, in the design 
and activity of the data collected. The evaluators found 
that informative feedback helped to shape on-going programs 


and helped participants reach their goals. "Evaluators have 
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a responsibility to help people...be successful in their 
endeavors... . The people should feel like co-evaluators." 
(1974, p 5). The researchers discovered that participant 
observation, although time consuming, was a very powerful 
technique for gathering reliable and valid information about 
changes in student behavior (1974, p 24). 

There is no one right method in ethnography suggests 
Wilson (1977) who advocates that researchers, during the 
review process, concern themselves with the following issues 
and questions: 


What was the researcher's role, training and 
previous experience? 

What were his personal feelings about the study? 
Who supported the study? 

To what extent did he become a participant? 


Other questions which help to understand the 
perspectives of the participants and pertinent to the 
present study are: 


How long was the researcher in the setting? 

How regularly was he there? 

Where did he spend most of his time? 

With whom did he spend most of his time? 

How well did he understand the language of 
participants? 

How was he perceived by various groups of 
participants? 
Was there systematic variance in his understanding 
of the perspectives of various groups? 

What were the levels of confidence the researcher 
placed in various conclusions? 

What was some of the negative evidence? 

(Wilson, 1977, pp. 261-263) 


Sindell (1969), reporting on various studies, found 


that the teacher working alone is severely handicapped when 
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doing this type of research work because he is emotionally 
involved in that which he is trying to study. In additon, 
the teacher is faced with a "tremendous amount of social 
interaction he must initiate and react to while teaching" 
(1969, p. 605). Since one cannot observe everything one 
must be selective, and the activities which occur frequently 
and with a high degree of frequency are those to be 
preferred says Spradley (1980, p. 62). He cautions, 
however, that the less familiar one is with the social 
Situation, the easier it is to "See tacit cultural rules at 
work." Admittedly this was a problem in the present study, 
and particularly with the Teacher's Log. Someone unfamiliar 
with the students and the laboratory setting might be more 
perceptive in some situations; however, knowing each student 
personally created more advantages than disadvantages. 
Students do not always say exactly what they mean, and in 
order to "read between the lines" one must know the student 
well. 

Some salient techniques suggested by Bruyn (1966) are: 
The participant observer shares life activities on a 
face-to-face relationship; the observer requires both 
detachment and personal relationship; and yet, his social 
role is to be a natural part of the cultural life. The 
balance of objective detachment along with personal 


involvement was found particularly difficult during the 


rh. 


eicduaial et on enuindod 
notibbe at {ybume o# pages 2 ont’ 
| feisoa 76 somes eyobaemes 4” jill | 
~eined ed diitw od Joset bas e231 7A: 
$c oahtsy reve sungedo fons ana vont: > 
qitnevpes2 iwW59Re Motdv avisivigos sf¥ frie’! 7 
od ot saont ste yoasupert Meperivin 7 
vob owen “et | ASB cy) (eger) eee +) i ae 

faiowe aie tte ws ero retina! gaat ee a3 sip 
ie asivs Lerutind sia? woe” oF ef 32 wien $8y 
\Ybuse saekesg edt 4! wetdetq 6 Faw at 
isilimatnw Sdesmo®  .pod a 'yedsea? sad aves un 
ston sd tdpim pait¢ee guoseyedel wie Gna 2 
Snebute does paiwoad | Yevewed (ane lesa te winiactl 
sapesoavbae i ned? Ropésnatbhe sxom baseets 
nk bre hee ‘yous jade yisoexs qae peabrinetery 
srshyze sd2 Wome dom eno "aor ead ashlar sith 


. ok ee es, 


yl See 4 Re 
ters (2881) nywat chereptmere 
/@ a9 anata a2it wocnde tevitnado + at 
teed es tines sovieede eds baaneelins 
tuinoe wit ane bas Auscmanien aroha 


_ dencereg dtin enoks snsmdosseb sv 
od? palrub- mo 


‘@ — 


7 
7 7 1 a Se - a 
wae ~~ - in |. oe 


42 


pilot stage, although some data gathering techniques were 
refined by involving students. Students were asked to 
Criticize the statements and the frequency of the questions 
on the quesitonnaires, for example. They were asked 
(anonymously) if the presence of the teacher affected their 
responses to questionnaires, taped interviews, and written 
comments. 

Techniques developed by Spradley (1980) have been used 
in a recent study by Cuyler (1981) who set out to interpret 
the philosophies of art galleries. In Cuyler's (1981) 
analysis, order and category emerged from her data which 
permitted her to discover meanings in the behaviors of 
docents. One of Spradley's three ethnographic analyses, the 
taxonomic analysis, was adopted for this study. The purpose 
of this taxonomy is to show how domains are organized and 
related. For example, the investigator can focus on a stage 
and determine by observation or interview such questions as: 

How many students can initiate the activity on their 

own? Which students cannot? Why not? 


How many initiate action by observing others? Why? 
How many change their initial actions? Why? 


Summary 


In order to investigate a broader view of the 
laboratory scene, the situational-interpretative has been 
chosen as the predominant paradigm. The principle 


techniques for gathering data to assess the problem of this 
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study utilize three tests in the empirical-analytic (a 
chemistry achievement test, a process skill test, anda 
Scientific attitude test); whereas, in the 
Situational-interpretative paradigm questionnaires, written 
statements, taped interviews, and field notes ("participant 
observer's" notes) are used. 

The particular theoretical framework from which this 
Study has been carried out is one which includes all three 
domains (concept, process, and affective) and employs a 
di-paradigmatic approach to evaluation--empirical-analytic 


and situational-interpretative. 
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CHAPTER 3 


EXPERIMENTAL DESIGN 


This study is a qualitative-quantitative investigation 
of inquiry learning and teaching in a high school science 
laboratory. As mentioned earlier, the study is an attempt 
to determine the extent to which students can exhibit 
objectives in the concept (higher level), attitude, and 
Scientific process skill domains if they are presented with 
minimally structured laboratory investigations. In 
addition, the subjective meanings and feelings that students 
attach to their behavior regarding this type of inquiry 
learning are investigated. A di-paradigmatic approach, a 
blend of empirical-analytic and situational-interpretative 
paradigms, is the research mode and is depicted in Figure 1. 

This chapter provides the rationale for the design of 
the study, and centers around the teaching strategies 
employed in the Revised ALCHEM 30 experiments. An outline 
of the testing instruments, the investigative techniques, 
the pilot studies, and the main study is followed by the 


manner in which the collected data were analyzed. 
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Figure 1 


Experimental Design: Dual Evaluation in the Three Designs 


Mirical-Analytic Situational-Interpretative 


Evaluation 
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Model Used for the Study 


This study is based essentially on the Werner and Aoki 
(1979) model given in’ Figure 2. Its components of intents, 
displays, activities and evaluation (IDA/E) illustrate the 
"why" (the intents), the "how" (the activities) and the 
"with-what" (the displays) of this study. The intents 
encompassed the notion of teaching and learning chemistry 
mainly through high level inquiry in the laboratory setting, 
the outcomes of this type of pedagogy, and the student's and 
teacher's (investigator's) subjective thoughts and feelings 
about this approach. The activities consisted mainly of 
student engagement in chemistry investigations in which they 
had to contribute to the solution of the posed problems and 
Submission of their reactions to these activites. These 
activities are based on scientific process skills (Appendix 
C). The displays consisted of printed instructions for the 
investigative activities (most of which were ALCHEM ones 
revised to incorporate a higher level of inquiry), the 
materials required for the laboratory activities, and the 
instruments for collecting data for the study. 

The circular model in Figure 2 also serves to emphasize 
the fact that this study utilizes formative and summative 
evaluations. Evaluation, in this study, must play a major 
role, and the approach is the "in-process" type of 


evaluation referred to by Werner and Aoki (1979, p 60). 
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Figure 2 


IDA/E Evaluation Model 


IN-PROCESS EVALUATION 
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This evaluation, also called "formative evaluation", is 
essential to students since it makes them aware of their 
progress on a continuous basis; it is also essential for the 
curriculum development of this study since feedback provided 
by the in-process evaluation gives direction on a continuous 
basis for the program. The pilot phase, the initial 
in-process evaluation conducted for two semesters (1981, 
1981-1982), produced several changes in design and 
implementation of the study. These will be discussed later 
in the chapter. 

Evaluation is always implicit in defining intents and 
selecting displays and activities, but the in-process 
approach emphasizes the need to constantly "question the 
criteria used" in the selection of intents, activities, and 
resources (Werner and Aoki, 1979, p 61). Examples of the 
in-process approach used throughout the pilot phase are 
explained in the chapter. 

The Pilot Studies 

Pilot studies were carried out in the 1980-81 semester 
and again in the 1981-82 semester in*an Alberta rural high 
school, population of approximately 600 students. Three 
classes including a total of 54 students used ALCHEM 30 
materials that underwent revisions throughout the pilot 


phase. 
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Students at the beginning of each semester were told 


about the study and that they would be playing an important 


role in providing data about field-testing new experiments 


and various meaSuring instruments. 


Specifically, the pilot phase was used to: 

field-test and revise the modified eight ALCHEM 30 
experiments and the new laboratory experiments L2, M2, 
and N4 (Appendix B). 
develop the system of lab reporting (formats, scoring 
system, administration, time, etc.). 
determine, for each experiment, if students had 
sufficient time to perform the experiment and write up 
the Observation Report in an 80 minute period. 
develop and refine techniques for data collection for 
this study (pre and post lab activity, questionnaires, 
recorded interviews, and investigator's field notes). 
administer and analyze the results for TOSA, POST and 
the Chemistry 30 Achievement Test provided by the 


Student Evaluation Branch, Alberta Education. 


Salient modifications resulting from both pilots are as 


follows: 


Ts 


The first experiment in the original ALCHEM 30, Molar 
Heat of a Phase Change, required students to calculate a 
heat change which involved a phase change and a kinetic 


energy change. This experiment was sequenced later in 
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the unit in the revised experiments because the original 
experiment was found to be too difficult for students as 
the first unstructured experiment of the semester. 
Almost every laboratory experiment exercise underwent 
some changes in direction (Procedure) and processing of 
data. Many process directions, for example, were found 
to be unnecessary because they were too structured. 
Other directions previously removed had to be reinstated 
because students simply did not think of doing them. 
Some of the Prelab Exercises and all Observation tables 
were deleted since they provided structuring which was 
found to be unnecessary. 

Many of the instructions given in ALCHEM 30, 
particularly under Calculations, were found to be 
unnecesSary. Students performed them because they were 
essential in achieving the purpose of the experiment. 
They did not have to be specifically told to perform the 
interpretations. 

The original ALCHEM experiment Lab N1 was found to be 
too short for an 80 minute period and was lengthened by 
requiring the student to actually perform the tests 
mentioned as exercises in the Prelab. In addition, 
students were required to perform 24 tests with 
indicators (3 indicators with 8 reagents). The original 


ALCHEM experiment called for only 7 tests. 
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6. The original ALCHEM experiment Lab N2 was found to be 
too long and was divided into two experiments. Part A 
(original) with its 13 procedural steps given became Lab 
N2 (revised) and the procedural steps were reduced to 
two. The observation table was removed. Part B 
(original) became Lab N3 and again all procedural steps 
and observation tables were removed. 

fern the pilot studies, Students found it difficult to 
finish some of the experiments and structure the data 
before the end of the period. Students in the main 
Study were requested to have a prearranged scheme for 
recording data. Further organization of data by 
students (rearranging, comparing, ordering or 
classification) was done at a later time and not 
attempted during the laboratory period. 

8. Interviewing more then a few students after each 
experiment proved unmanageable. For the main study, 
only two students chosen at random were interviewed for 
each experiment. 

The pilot studies revealed that the revised experiments 
requiring determinations (e.g., molar heats, titrations and 
EMF"*s: Labs L1, L2, L3, M2, M3, N2, and N3) produced higher 
mean percent errors than for classes using the original 
ALCHEM 30 materials. Indeed, as the amount of structuring 


was diminished the class percent error increased. Untried 
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student designs undoubtedly require greater modification and 
refinement. Invariably, students expected better results 
than the ones they obtained and many were disappointed with 
the high percent errors. However, in Lab L3, a typical 
example, the average error for all pilot classes was only 
15%. As a result of these findings it was decided not to 
penalize students on the laboratory report (FR) for high 
percent errors. Rather the grade on the report would 
reflect how well a student performed and realized the 
objective of the experiment based on his design. Although 
the percent error was not ignored it was decided that 
reports with errors generally less than 20% (less for the 
titration experiments) would not be penalized for the 
deviation. 

The TOSA, POST and Chemistry 30 Achievement tests were 
administered to the last class in the pilot phase so as to 
gain some experience in their use and to obtain some 
preliminary indication of the effect of an inquiry teaching 
Strategy in the laboratory. TOSA was used to assess the 
effect of this strategy on the scientific attitudes of Grade 
12 students. Similarily, the Processes of Science Test 
(POST) was administered to measure change in the process 
skill domain. Regarding TOSA, a pre- to post-test design 
with no control was employed, and the effect of the semester 


treatment of laboratory inquiry teaching produced a 
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Significant change in pupil attitude as measured by TOSA. 
See Table 1. The same comparison was not possible with 
POST. The pre-test was administered at the beginning of the 
year but school was closed because of inclement weather on 
the day the post-test was scheduled. Since this day was the 
last day of regular classes for Semester I, the test could 
not be rescheduled. 

The purpose of the Chemistry 30 Achievement Test, 
administered as a post-test, was to see if students 
subjected to the strategies of the pilot (which called for 
much more time in the laboratory than in the classroom) 
would be penalized on a conventional content examination 
such as the Alberta Education Achievemnt Test in Chemistry 
30. Students from the pilot compared favorably with the 
provincial group scoring 17% higher than the mean 
established by Alberta Education, a mean based on 136 
students. 

The Main Study 

The main study was conducted in the second semester of 
the 1981-82 school year. It involved an experimental group 
of students consisting of 12 girls and 8 boys. The design 
employed was similar to that described for the pilot phase, 
except that the revised procedures, materials and 


instruments were used. These are now discussed below. 
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TABLE 1 


Pilot Study Results for Test Instruments 


Test n Pretest S§.D. Post-test S.D. Difference e 
Mean Mean Value 


TOSA 30 24.40 Shioo 25:87 onw 2 1.47 2.21% 
POST ** 307 26..06 Spe) 


Chem 30] 18 45.83 8iisd 


* Significant beyond the p=0.05 level. 


xx The post-test for POST was not administered. 
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The Teaching Strategy 


A typical two week period in Chemistry 30 consisted of 
approximately 560 minutes of regular classroom activities 
(lectures, demonstrations, homework corrections, and 
evaluation) and 240 minutes in the laboratory and with 
laboratory related activities such as pre- and post-lab 
sessions. 

The essential aspects of the teaching strategy used in 
the study component are as follows: 

Pe itt rocuction Of scientiric Process Skills 
2. Prelab Activity 

3. The Laboratory Activity 

4, Postlab Activity 

Pie oactsen of Scientific Process Skills 

At the beginning of the term prior to the experimental 
work students were introduced to the objectives of the 
laboratory work. Specific objectives are listed at the 
beginning of each unit in ALCHEM 30 but these objectives, 
which include some behavioral objectives, are generally 
concerned with the content of science (knowledge, facts, 
principles, theories, etc.) The processes of scientific 
inquiry--the general processes that scientists use in 
discovering knowledge--had to be delineated and discussed, 
using the "Inventory of Processes in Scientific Inquiry" by 


Nay et al (Appendix C). However, the most important avenue 
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for the students acquiring knowledge of and skill in these 
process skills was through performance of the experiments. 
Prelab Activity 

Usually the day before each experiment at least part of 
the lecture period was devoted to class discussions and 
demonstrations about the forthcoming experiment. The 
briefing was not used to give additional information or 
instructions to those given in the laboratory exercises but 
rather to clarify instructions for pupils who were having 
difficulties with those given in the printed materials 
(Appendix B). 

Since most students, at the beginning of a unit, have 
limited laboratory skills and lack general knowledge about 
the concepts and related facts, the prelab activities tended 
to be in more detail for the first experiment of each unit. 
For example, at the beginning of the year students were made 
aware of the use and the limitations of all necessary 
measuring instruments (graduate cylinder is +1 mL, 
thermometer is +0.1°C, centigram balance is +0.01 g, etc.) 
In addition to the above, the majority of the laboratory 
experiments included some prelab exercises which further 
developed the problem to be investigated. With few 
exceptions, the prelab exercises were identical to those of 


the original ALCHEM experiments. 
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Cooperative planning of the upcoming experiment 
involved the following activities: 

1. Students were helped to identify and formulate the 
problem. 

2. Salient process skills were discussed. 

3. Safety precautions were discussed. 

4, The use and care of special equipment was demonstrated. 

5. Students were guided to necessary theory and sources of 
information. 

The Laboratory Activity 

With the exception of Lab L2, students performed all 
the experiments at the work bench individually. Because of 
the multitude of operations required and to some extent the 
risk of injury (e.g. burns from escaping steam), students 
performed Lab L2 in pairs. 

Students performed the experiments during the time 
scheduled for Chemistry 30. However, provisions were made 
for extra laboratory time when needed--before school, during 
noon hours, during free periods, and after school. The 
extra time was necessary for those students who required 
more data or whose initial design proved unsatisfactory. 

During the work period of the experiment the teacher 
was involved in the following activities: 

1. Pupils were observed to see if they were following their 


own designs. 
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2. Students were helped with minor lab techniques and 
skills but were not given a better way to perform the 
Skill. (The unwritten rule during the lab session was 
"Solve your own problems.") 

3. Equipment, materials, reagents, etc., were provided for 
students who had changes in design. 

4, Hazards were minimized. 

5. Students were allowed to make mistakes but, whenever 
possible, an attempt was made to find out if students 
realized their mistakes. 

6. Although students were generally left alone during the 
work to perform the lab and solve their own problems, 
occasionally pupils were questioned to determine if they 
were making reasonable inferences from their data. 

Student progress in the laboratory activity was promoted and 

monitored by means of three laboratory reports, to be 

Submitted by each student for each experiment. These 

reports were a Design Report (DR), an Observation Report 

(OR), and a Final Report (FR). The treatment for each 

report was as follows: 

Design Report (DR). Each student, before going to the 
laboratory bench, had to submit a report which included the 
design he intended to follow. This insured that students 
were adequately prepared for the laboratory experiments, 


gave them an opportunity to develop skill in designing 
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experiments, and provided evaluative data for this study on 
student acquisition of process skills. 

The Design Report was submitted on a form provided. It 
showed the experimental steps including the expected 
sequencing. Students were told to be specific and to be 
particularly quantitative in their experimental steps. The 
student was not bound by the original design; indeed, the 
Original design may have resulted in failure and would 
require modification. The student may have to resort toa 
trial and error approach to design. If changes were made, 
they had to be reported on the Observation Report at the end 
of the laboratory period. 

Observation Report (OR). At the conclusion of the 
laboratory period, students were to submit an Observation 
Report on a form provided containing all the data collected 
during the experiment. Each student kept a carbon copy of 
the report so that the data could be processed at a later 
time. 

Students were encouraged to draw up a scheme for 
recording data before the actual performance of the 
experiment. For many students data was initially recorded 
in an unstructured fashion to be processed and interpreted 


later in the Final Report. 
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Final Report (FR). Within two days after the 
laboratory period, students were required to submit the 
Final Report ina format of their choice. This report was 
to include: 

1. how the data were processed 

2. calculations, percent error, sources of error, etc. 

3. interpretations: the extent to which the problem was 
solved, validity of assumptions, explanations, etc. 

The laboratory report serves a dual role. On the one 
hand it is a teaching strategy, the activity in which the 
student is engaged while performing an experiment; on the 
other hand it iS an evaluative instrument for the process 
skills involved in inquiry. In the laboratory students 
attempted to learn and utilize the scientific process skills 
necessary for their inquiry (some suggested by the exercises 
and some provided by themselves). The data of the reports 
served as the quantitative basis for evaluating the manner 
and extent to which students attained the requisite 
objectives. The reports also revealed to what extent 
students made sense of their data and whether the 
experimental steps produced legitimate data, data which were 


sufficiently complete to enable the problem to be solved. 
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Postlab Activity 


After the laboratory reports were returned to the 
student approximately 30 minutes was spent in the classroom 
discussing the experiment, its theory and the process skills 
applicable to the experiment. Improvements in design, 
observations and processing data and errors in the use of 
equipment were discussed. Class averages and percent errors 
were also discussed. Continuity with previous experiments 
and appropriateness and relevance to course material were 
also covered. Time was spent on higher process skills such 
as "conceptualization of data" and "“open-endedness" because 
they were difficult for students to exhibit. For example, 
the generalization of molar heat of a phase change from Lab 
L2 was used to formulate ways and means of measuring ne 
molar heat of melting for ice in Lab L3. Students were 
unaware that this was the problem for the next laboratory 
experiment, Lab L3. This is an illustration of 
open-endedness: seeking further evidence to (a) increase the 
level of confidence in the generalization, and (b) test the 
range of applicability of the generalization (See Appendix 
C). But before the end of the activity period, the teacher 
guided the discussions in an attempt to engage students ina 
"free discussion" (not teacher directed) about their 
attitudes and feelings regarding this particular mode of 


learning. The classroom discussions after each experiment 
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had a dual purpose: one was to help the student better 

understand his performances in the laboratory, the other to 

provide data for the study. Pertinent findings from these 

discussions are included in the Teacher's Log, Appendix N. 
The Revised ALCHEM 30 Experiments 

The revision consisted of modifying the eight 
experiments in the ALCHEM 30 program and adding three new 
ones. Each unit in ALCHEM 30 has three laboratory 
experiments with the exception of the Energy Unit (Unit L) 
which has two. The revised laboratory experiments (Appendix 
B) for this study include three experiments in Unit L 
(Energy), four experiments in Unit M (Electrochemistry), and 
four experiments in Unit N (Acids and Bases). Consequently, 
this study has fifty percent more experiments than the 
Original ALCHEM 30 laboratory requirements. 

The ALCHEM 30 experiments were revised to incorporate a 
higher level of inquiry. In the modification, the problem, 
materials and prelab instructions remained the same as in 
the original experiments, but the procedure, observing, 
calculations and questions were more unstructured; that is, 
Students were expected to design and sequence the 
experimental steps, tabulate observations and process data 
in their own way. When a revision was complete, all the 
original experiments were removed from the students’ ALCHEM 


package of materials and the revised experiments 
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substituted. 

As can be noted in Tables 33 and 43 in Appendix B, the 
experiments in each unit are sequenced in such a way that 
the amount of guidance provided by the labortory manual and 
the teacher diminishes with each subsequent experiment. The 
first experiment in each unit is the most highly structured 
while the last is the least structured. Experiments which 
have the least amount of guidance presumably demand from the 
student the highest level of inquiry. Since the skills and 
the techniques differ from unit to unit, the gradation of 
levels of inquiry 1S necessary to provide an early 
opportunity for the student to learn the necessary general 
knowledge and to become familiar with the requisite 
laboratory skills and techniques of the unit under 
investigation. 

In Appendix D and Table 2 the number of process skills 
required for the ALCHEM 30 experiments are compared with the 
Revised ALCHEM 30 ones. The relative emphasis of each 
specific process skill is determined by the nature of the 
experiment. No single experiment necessarily contains all 
the process skills listed in the Inventory (Appendix C). 
However, aS can be noted from Table 2, it was possible to 
increase the number of process skills in several of the 


experiments (L3, M1, M4, Ni, N2). 
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In Table 2 it can be seen that students have a 
Substantially greater input into the solution of the 
problems in the revised experiments than in the original 
ones, hence by definition must operate at a much higher 
level of inquiry. Indeed they are required to initiate 231 
out of the 355 steps, (65% of the total) as compared with 75 
Ouc 243 (or j31% of the total) in the original ALCHEM 
experiments. In terms of Nay's definition of level of 
inquiry (Appendix D) the laboratory activity in this study 
must be considered to have been conducted at a very high 
level. 

The Data-Collecting Instruments 

The instruments used in this study are divided into two 
groups: formal and informal instruments. The formal 
instruments were used to gather primarily quantitative and 
analytical data, which could be collected by means of paper 
and pencil tests, laboratory questionnaires and reports. 
Specifically the formal instruments included: 

1. Otis-Lennon Mental Ability Test 

2. Chemistry 30 Achievement Test (Alberta Education) 

3. Processes of Science Test, POST (BSCS, 1962) 

4. Revised Test on Scientific Attitude, TOSA (Andruski, 
Kozlow and Nay, 1981) 

5. Laboratory Questionnaires 


6. Laboratory Reports 
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TABLE 2 
Comparison of Scientific Process Skills in 


ALCHEM and Revised ALCHEM Experiments 


Total Process Process Skills 
Skills Required Initiated by Student 
Lab No. ALCHEM Revised 
L1 35 Zhe) i 16 
L2* = 34 = oo 
L3 33 36 6 29 
M1 26 Pao 8 15 
M2* = 33 = 23 
M3 32 32 8 19 
M4 29 33 10 18 
N1 28 34 did ie 
N2 PS 30 hs 22 
N3 30 30 14 22 
N4% 7 3) ‘s 25 
Total 242 355 is) 231 


* Experiments not part of ALCHEM. 


§ SidaT 


“at afLise erasgxs siitrs ne Pse: ees) roiat sein) 
2 IGSML THRE MEDIA beeirven bas MSHA . 


et ae ane 


ee ee 
ee et me a tg gall oe ae es 


| ph ps2 sasoeat 
tdebote ed tetetiint  — ~~ 


P ' 
Tene a ae a 2. Sie HSE ee oe 
H 


SaV ives MSAIGA 


a a er Te enn Ser ke ee Oe CMTS 
v ag 
‘ 

be 


we | 4 at 


a ee 


; 8 ve 


eeecox3d [ator ~ 
her iuped, lel ais 
hea iveA an 
ay etree 


y oa - i ¥ ate 
i i J : — any 
VO 
i A s 1 , <= — ey 

5 ic & re 

~. we u i 


oleae < 


a SS 


A ) Eis! 
2 oy ys, . = aa On ea 
PAE SALE RE RON UN INE a e 


de 


ioe 


66 


The informal instruments included: 

1. Tape-recorded interviews 

2. Written statements on the Laboratory Questionnaires 
3. Investigator's field notes 

The model in Figure 3 classifies the instruments as 
either formal or informal and depicts the domain in which 
each instrument purportedly supplies data. From the 
interactions in the model it can be seen that each domain is 
covered by at least five instruments. The quantitative data 
of this study obtained from the informal testing instruments 
are reported and discussed in Chapter 4. A brief 
description of each instrument and the reasons why it was 
chosen are presented below. 

Formal Instruments 

IO Test. The I10 test administered in this study was 
the Otis-Lennon Mental Ability Test. The score, called a 
Deviation IQ (DIQ), is a normalized standard score with a 
mean of 100 and a standard deviation of 16 points. Form J 
(Advanced level for Grades 10 through 12) was administered 
to students of the pilot and main study. 

Chemistry 30 Achievement Test. This test isa 
Chemistry 30 achievement test developed by the Student 
Evaluation Branch, Alberta Education. Permission to use 
this test was granted by the Director of the Student 


Evaluation Branch. Permission was also granted to use 
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Figure 3 


CYesSirication-on Test-instruments Used in Each. Domain 
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Formal Instruments 


1 Chemistry 30 Achievement Test (Alberta Education) 
=2 Processes of Science Test, POST (BSCS, 1962) 
3 Revised Test on Scientific Attitudes,TOSA (Andruski,et al) 
4 Laboratory Questionnaires 

F-5 Laboratory Reports (DR,OR, FR) 
Informal Instruments 


I-1 Tape-recorded Interviews 
I-2 Written Statements by Students 


I-3 Investigator's Field Notes 
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provincial comparative statistical data, such as 
reliability, validity, means, standard deviation, and item 
analysis. For reasons of security requested by the Student 
Evaluation Branch, data on the achievement test and the item 
analyses are not reproduced in this study, and all copies of 
the test were returned to the Student Evaluation Branch. 

Since the laboratory strategy of this study emphasizes 
the development of the higher levels of cognitive 
functioning in the concept, attitude, and scientific process 
Skill domains, it is important to show to what extent 
Students in this study were able to achieve in the higher 
categories of Bloom's cognitive taxonomy (1956). Although 
Students in the study spent considerably less time learning 
chemical concepts in the conventional manner, it was hoped 
that students would not be at a disadvantage in content 
achievement. 

The categories in Bloom's taxonomy (Bloom, 1956) in the 
cognitive domain which are purportedly being tested by the 
Chemistry 30 Achievement Test are given in Table 3. These 
specifications include knowledge, comprehension, 
application, analysis, and synthesis. The three core units, 
chemical energetics, acids and bases, and 
oxidation-reduction, are shown along with the number of 


questions included in each category of Bloom's taxonomy. 
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TABLE 3 


Test Item Distribution in the Chemistry 30 Achievement Test 


ALCHEM Level's in Bloom's Cognitive Taxonomy 

Core Know- Compre- Appli- Analy- Syn-. Total Percent 

Eon- ledge hension cation Sis thesis Number of 

cepts of Total 
items 


Chemical Energetics 
1. Each substance has a definite and characteristic heat 
content or enthalpy. 
1 4 0 1 0 6 Gis2 


2. Changes in matter involve a change in energy. 
1 5 6 1 0 13 207.0 


Acids and Bases 
3. Acids and bases can be defined in different ways. 
3 3 0 0 0 6 O72 


4, The relative acidity of a solution can be measured. 
0 2 5 2 0 9 13.8 


5. Acid-base reactions involve an exchange of electrons. 
2 1 3 0 0 6 On2 


Oxidation-Reduction 
6. Redox reactions involve an exchange of electrons. 


1 3 0 2 0 6 92 
7. Ina redox reaction the electron loss and gain must 
balance. 
0 3 3 2 0 8 are 


8. The electrical potential of a redox reaction can be 
predicted and measured. 


1 0) 3 1 1 6 O52 
9. Redox reactions involve electrical energy. 

0 1 1 3 0 5 757 
Total Number of Items 

9 ie 21 1 1 65 
Percent of Total Examination 

13.6 3338 Bows 18.5 ees: 100 
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From Table 3 the topical distributions are seen to be 
nearly equal. This distribution roughly approximates the 
amount of instruction time Suggested in the ALCHEM 30 
materials and that which was used in the pilot and 
experimental groups. 

From Table 3, it can be seen that only 13.8% of the 
questions are at the knowledge level (assuming accurate 
classification). This level includes the knowledge and 
recall of facts, rules and principles but not their 
application. In the hierarchy of levels, application, 
analysis and synthesis are considered to be the more 
difficult ones because the mental processing at this level 
is more complex. There appears to be a deliberate attempt 
by the Student Evaluation Branch of Alberta Education to 
evaluate the higher levels of the cognitive domain since 
over 50% of the questions are purported to be of the 
application, analysis, and synthesis specifications. 
Regarding the main purpose of this study, it is assumed that 
Students are therefore being evaluated at the higher levels 
of the concept domain by the Chemistry 30 Achievement 
Examination. 

Processes of Science Test (POST). POST (Appendix F) 
is a forty item multiple choice test. It was chosen as a 
measuring instrument because no other standardized process 


skill test was found to be as suitable for purposes of this 
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study. It was administered as a pre- and post-test to serve 
as an indicator of student growth in the process of science. 
This use iS supported by the predictive validity claimed for 
bhetcbeisty CBSCSia 91 9165), 

POST was designed by the Biological Science Curriculum 
Study (BSCS) to test a student's knowledge and understanding 
of the methods of science. Although it is based on biology 
rather than chemistry content, students in the study were 
not at a disadvantage because the biological background 
required for answering a question is given. The process 
skills that POST meaSured are indicated in the "Key for 
Processes of Science Test" in Appendix F. It will be noted 
tihtaithisomei ofr thei tut eis nee Ohmi 22,, S2areds, 5, 39er¢0) are 
not on the process aspect of scientific inquiry. However, 
they were not omitted when POST was administered to the 
students in the study. 

Statistical data on student performance on POST are 
based on the administration of the test to about nineteen 
thousand tenth grade students in the U.S.A. It was 
estimated that they were Slightly above average. A 
split-half reliability of 0.82 and a test-retest reliability 
of7 OsA20u sleneported: (BSCS, Th965)s 

Revised Test on Scientific Attitude (TOSA). Tosa was 
chosen as the measuring instrument because no other 


standardized test was found to be as suitable for purposes 
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of this study. It was administerd as a pre- and post-test 
to measure change in the attitude domain. The revised TOSA 
by Andruski, Kozlow and Nay (1981) was developed originally 
by Kozlow and Nay (1976) and is based on the Nay and Crocker 
"Inventory of the Affective Attributes of Scientists" (1970) 
given in Appendix E. The attitudes measured by TOSA are 
objectivity, open-mindedness, honesty, suspended judgment 
(restraint), respect for evidence (reliance on fact), 
willingness to change opinions, critical mindedness, and 
questioning attitude (Kozlow, 1973, pp 38-39). TOSA is 
divided into two subtests: the cognition one measured the 
student's understanding of how scientists behave 
attitudinally while doing research, whereas the intent 
subtest measured the intended attitudinal behavior or 
"behavioral intent" relative to the defined science 
Situations. 

The Kozlow and Nay study (1976) indicated that the 
cognitive and intent subtests did not measure the same 
characteristics. An understanding of how scientists behave 
was not sufficient to "ensure that students will demonstrate 
these characteristics in their own science work or in their 
own every day situations. Teachers must consider this 
difference when planning classroom activities and evaluating 


student development" (1973, pp 119-120). 
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Content validity of the substantive component is 
claimed for TOSA on the basis that 
the attitudes which the test is designed to measure 
were selected from a list of affective attributes of 
Scientists; the behavioral specifications of these 
attitudes were selected on the basis of the 
responses of a panel of judges; the content of the 
items describe science-related situations: and the 
content of the items is comparable with the ideas 
expressed ina wide variety of science reading 
material. The validity of the keyed responses has 
been demonstrated by a panel of judges. (Kozlow and 
Nay, 1976) 
Structural validity for the test was established on the 
basis of factor analysis. The empirical structure 
underlying the test item, as identified by a factor analysis 
solution, correlated highly (75%) with one predicted froma 
behavioral definition of the attitudes (Kozlow and Nay, 
1976). 

The revised TOSA (Appendix G) was administered in 1980 
to about 1200 students consisting of roughly equal numbers 
of grade 10, 11 and 12 students taking biology, chemistry 
reliability coefficient of 0.64 is reported for the whole 
test. The KR-20 correlation coefficients for the cognition 
and intent subtests are given as 0.53 and 0.43 respectively. 
The correlation between the two subtests is 0.41. 

The key for TOSA is given in Appendix G. A panel of 
seven judges provided the answers to the test items and to 


the classification of these items into the attitudes being 


tested and into the sub-tests. 
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Laboratory Questionnaires. A separate questionnaire 


(Appendix M) was administered after each laboratory 
investigation including content, attitude and process skill 
questions. The questionnaires were designed by the 
investigator and refined on the basis of use in the pilot 
phase and reaction from Dr. Nay. The questionnaires 
provided descriptions of what happens in inquiry-oriented 
laboratory activity in terms of students' concerns, 
GOPericulti1es, priorities, interactions, likes, dislikes, and 
personal feelings about participation in the laboratory 
program. 

Since this study is an attempt to discover the feelings 
students have for operating at the higher levels of inquiry, 
it is important to determine attitudes and personal feelings 
that students have for designing and sequencing their own 
experimental steps, tabulating and ordering their own 
observations, and processing and interpreting their own 
data. Although the questionnaire was used primarily to 
gather data in the affective and process domains it was also 
used in the concept domain to determine how well students 
understood the principles exemplified in each experiment. 

Laboratory Reports. As was stated earlier students 
were required to complete three reports for each laboratory 
experiment: Design Report (DR), Observation Report (OR), and 


Final Report (FR). The first two were written on forms 


a 
ha 


asi asnnei teacup siearager ‘é 
rot s1edel ies ‘pba roxarelarmiedat 
ida seanosg © 28 abitbedts , Se dNGD" eniby lant < 


Py, cad Roauhayt g16w cotiannoiaoug ent 


= 


sohia edd pi Ree, ‘9 aimed od3 10 better | base +68 


estishnetiesup at ‘veu 3328 mort eicas & - 
= ' ‘49h ae 
as 


Ssinetio-wilipnt -6t) saapied* terw + enobaqi tal 
a 

enrasnos ‘ammebaite, to’ emist i qoivtioe 4 

bow  aevibass jaeatt: nggisererns eelviaebiq/2eis Li 


yuofsi6del elt (at ag eieeeetisag suods epaties’. 


soniigei sis soveneshoes tqmegiia née et ybuta eida « 
; bt i 
tiupa? to pievel Tenpem Bag aes paigsseqo ror eved -e2ai 


-3: ([snaansa bes Sshuiigee entmissao oF 2f 204 


wo a bate geet Raita bie cidag tees: a0% ‘stad esnetude 4 


; sly 


i 


AwSs fens SHitepie ade sntsatuded agate tain 

ot it seni boey ew aheaitng fteeup. ad? erga 

eis ay ai ein bianok apandis bhe ovisaetts odd ‘ni nen 
senaheihe PLew vee waFatad sb o! nieaad sqeonos ogomt ens) 

-insmineque: tose rE Gets igness asiqioaiyq edt costars 


éjnsigte tet ites beteta dew 24. | aamB aesenodae : a 


(roteteda!  dsae; 29% atdoges sa niz stelqmao ot swstone tebe 


bos ,(80) sxcqss ovizevisedo. (me) sr0geh npheee Linsmireque | 


aur0]. no: neste aaa OW? sert? ott ip soe ant 
it os) . 


“en : ; ss 


mio 9 fade! ond aeagiees nt bie Pataesooig Bas ,sholvevs 


i 
= : 


4 — : 
ae ‘ ' i F a“ al ih 


Sa oy, ad 


73 


provided. These reports were designed by the investigator 
FOretne antitial piiot study in. 1979-80 and refined during 
the 1980-81 pilot phase. They seemed well suited for the 
purposes outlined above in the section on "The Teaching 
Strategy". 

The authenticity of some of the student reports may 
appear questionable. For example, there was no guarantee 
that the student's design report was indeed his own and not 
copied from someone else. However, the originality of the 
report was seen as a good indicator of authencity. 
Furthermore, student cooperation was sought at the beginning 
of the semester during the pilot phases and the main study 
with the result that few problems regarding the authenticity 
of the design reports arose. Because of the circumstances 
under which the observation report had to be completed the 
validity of this report was not an issue. Although the 
student sought help from classmates, ALCHEM materials and 
library in processing data for the Final Report, he had to 
use his own data. 

The criteria used for evaluating the reports varied 
from report to report but generally one mark was deducted 
from a report for the omission of any of the skills listed 
in the Criteria for Evaluation of Reports (Appendix J). 
Each student received a copy of these criteria at the 


beginning of the semester. The Design Report and 
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Observation Report were marked on a scale of 0 to 5 while 
the Final Report was marked on a scale of 0 to 10. Usually 
the percent error or the student's deviation from the 
accepted value is considered the important criterion for 
evaluating a final laboratory report, but in this study the 
extent to which students achieved the purpose of the 
experiment based on their design was regarded, to be of 
greater importance. 

The Informal Instruments 

The informal instruments (tape recorded interviews, 
written statements on the questionnaire and investigator's 
field notes) provided data for the situational- 
interpretative dimension of the analysis of inquiry oriented 
laboratory teaching. They were designed to uncover personal 
reactions to the program such as whether the laboratory 
program was perceived by students to be worthwhile, whether 
the program was appropriate to their concerns, and whether 
they felt confident in learning chemistry by the approach 
used. 

Taped-Recorded Interviews. Only a small sample of 
students were interviewed because it is generally recognized 
that interviews in phenomenological research are time 
consuming. After each laboratory experiment two students, 
randomly selected, were interviewed using a tape-recorder. 


All of the students were interviewed once but in rotation on 
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-the basis of two students per experiments. The sessions, 
lasting approximately thirty minutes, took place during the 
noon hour, spare periods, before and after school hours. 
The first part of the interview consisted of questions on 
how students felt about the strategy of the laboratory and 
what they liked and did not like about it. The second part 
consisted of specific questions related to the topic 
investigated (Purpose), the pre-lab discussion, design, 
observation and processing of data, laboratory reports (DR, 
OR, FR) and marking of reports. The last part of the 
interview was related to how the students felt about their 
peers and the teacher. At the end of the interview students 
were asked to express their feelings on any facet of the 
laboratory program. The interview questions along with the 
edited student responses are found in Appendix L. 

Written Statements. Additional qualitative data were 
collected during the semester of the main study by means of 
written statements from students. The questionnaires 
administered at the end of each laboratory experiment 
provided space for written comments, and students were asked 
to express their personal feelings and attitudes regarding 
their: partici pation,in; yorszanyafacet,of,.the;laboratory 
program. Edited summaries of the written comments are found 


in Appendix N. 
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Investigator's Field Notes. During the main study 


the teacher (investigator) kept notes on student activities 
and attitudes. The circumstances under which the statements 
were made was also recorded. These notes, periodically 
reviewed and condensed, were transferred to a Teacher's Log 
(Appendix N). After each laboratory session, notes were 
made on student activities during the prelab discussions, 
the laboratory work period and the post-lab discussions. 
The log is an attempt to understand the perspectives of the 
students while they are participating in the unique 
activities of the laboratory program. 
Summary of Chapter 

In this chapter a theoretical framework for the design 
of the study was described. In order to investigate inquiry 
learning and teaching in the chemistry laboratory, students 
and student activities were evaluated in three domains 
(concept, attitude and process skill) by several 
data-gathering instruments. Five formal instruments 
(Chemistry 30 Achievement Test, Processes of Science Test, 
Revised Test on Scientific Attitudes, Laboratory 
Questionnaire, and Laboratory Reports) provided data for 
both the empirical-analytic and situational-interpretative 
dimensions. The first three instruments provided summative 
evaluations while the last two provided formative 


evaluations or evaluations in-progress. The fifth 
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instrument, the Laboratory Reports, in addition to providing 
data for this study provided continual feedback to the 
student about his progress in the use of the process skills. 
The three informal instruments (Tape-recorded 
Interviews, Written Statements, and Investigator's Field 
Notes or Teacher's Log) provided data for the 
Situational-interpretative dimension. The first two 
instruments were used by asking students specific questions 
in the three domains while the Investigator's Field Notes 
were periodic records kept on student activites and 
attitudes. These three instruments provided the necessary 
data to determine the relevance and meaning which the 
inquiry-oriented laboratory program had for the students 


involved. 
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CHAPTER 4 


QUANTITATIVE RESULTS AND DISCUSSION 


The quantitative data which are part of the 
empirical-analytic paradigm of the present study are 
presented and discussed in this chapter. In the concept 
domain, the Chemistry 30 Achievement Test is the instrument 
used. The means from the pilot, experimental, and 
provincial groups are compared for the reasons mentioned in 
the last chapter. In the affective domain the Test of 
Scientific Attitudes (TOSA) is the instrument used, and 
statistical comparisons of pretest and post-test results are 
made to determine changes in the students' attitude behavior 
(objectivity, openmindedness, questioning attitude, etc.) as 
a result of engaging in high level inquiry laboratory work. 
The Processes of Science Test (POST) and the Laboratory 
Reports are the evaluative instruments in the process skill 
domain. Pretest and post-test results of POST are compared 
in order to measure changes in student behavior regarding 
the processes of science (ability to-evaluate structure of 
experimental design, appraise data, recognize need for 
controls, etc.). The quantitative results including those 
for the laboratory reports are compared by measuring the 
degree of correlation between pairs of variables. The 


correlations are measured to determine the strength and 
80 
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direction of association between different pairs of 
variables. 

Table 4 shows the means and standard deviations for the 
Gata from all instruments. These values are required for 
the construction of most of the tables in this chapter. In 
this chapter the results from the quantitative data 
instruments are discussed under each domain followed by a 
discussion of correlations between instrument results. Raw 
data from the quantitative instruments are found in Appendix 
(Oe, 

Concept Domain 

The concept domain was evaluated primarily by means of 
the Chemistry 30 Achievement Examination obtained from 
Alberta ote aries The performance of students from the 
pilot study, main study and provincial group is indicated in 
Table 5. The population of the provincial group, consisting 
of 136 students, is made up of students who wrote the 
provincial Appeal Examinations. The Student Evaluation 
Branch claims that students who write the appeals form a 
representative sample of the entire province. However, due 
to the availability of scholarships and grants for honor 
students, many students write appeal examinations because 
they are trying to raise their marks into the honor category 


(over 80%). 
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TABLE 4 
Means, Ranges and Standard Deviations of the 


Quantitative Results 


ise 2,0 

Maximum 
Instruments Possible Mean Range 

SCOLe 
IQ Ser RAD) TOs St3.0 
Chem 30 Test 65 43.60 Siéirieke) 
Pre TOSA 40 24.05 iS Seer 06) 
Post TOSA 40 BORA ZO = 36 
Pre Process (POST) 40 31.40 20-36 
Post Process (POST) 40 32),.015 26-39 


Laboratory Reports 100 76.45 S299 
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TABLE 5 
Mean Scores on the Chemistry 30 Examination 


for Pilot, Experimental and Provincial Groups 


Pilot Study Experimental Provincial 


Group Group Group 
Number of Students | 18 20 136 
IQ 116 VES * 
Chemistry 30 45.8 43.6 3931 


Examination 


* Not available 
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Because all three groups are non-random and small,and 
because IQ scores were unavailable for the provincial group, 
a rigorous statistical analysis of scores cannot be made. 
However, students from the pilot and main studies did score 
considerably higher than did students in the provincial 
group. This was done in spite of having the pilot and 
experimental groups engage in a teaching/learning strategy 
which required spending considerably more time in the 
labortory and other non-examination activities. 

Table 6 shows the proportion of class time spent on 
laboratory work by students in the experimental and in a 
conventional ALCHEM 30 classroom. This was eStimated by the 
investigator who taught ALCHEM 30 using both approaches. 
Table 6 indicates that students in the experimental study 
Spent over eight hours more time in the classroom and over 
fourteen hours more homework time on laboratory related 
activities. These students also spent over five more hours 
in the laboratory performing four additional experiments. 

Attitude Domain 

The Test of Scientific Attitude was used to measure 
student growth in the intent and cognition aspects of 
scientific attitudes as defined by Nay and Crocker (1970) 
and Kozlow (1973). Table 7 presents the results of analysis 
of variance with repeated measures for the pre-and post-test 


data for the experimental group. This analysis shows that 
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TABLE 6 


Estimated Time Spent by Students in Laboratory Related Work 


Activities *Time *xTime 
Units by Units by 
ALCHEM Experiment- 


Group al Group 

Outline for year's lab work (class time) 1 2 
Inventory of Process Skills (class time) 0 2 
Safety and Efficiency in lab (class time) 1 1 
Lab L1: a. Prelab discussion (class time) 1 2 
b. Writing DR and OR (homework) 0 3 
oe. Writing “ER (homework) 3 3 
d. Post lab discussion (class time) 1 2 
Lab L2 5 10 
Lab L3 0 10 
Lab M1 3 2) 
Lab M2 5 10 
Lab M3 6 14 
Lab M4 0 10 
Lab N1 5) s 
Lab N2 6 6 
Lab N3 0) 6 
Lab N4 0 : 8 
Total classroom time in units 18 43 
Total homework time in units 2 1 64 

Total time in hours 13 a5 


LL 
re  ———————————————— 


* Each time unit represents a 20 minute period 
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TABLE 7 


Analysis of Variance Summary for Pre-test and Post-test 


Results for the Test of Scientific Attitudes, TOSA* 


SS. DES, M.S. F-RATIO PROBABILITY 
TOSA 
Effects Wels OZ alge Vie 2 2 O OF 123.0 
Errors So.413 19. 4.393 


* Results were computed using SPSS Batch System, 
University of Alberta Computing Services. 
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although the post-test means for the attitude test is higher 
than the pretest, the difference in the means is not 
Significant. Hence, it can be inferred that involvement in 
inquiry-oriented laboratory work has no significant effect 
on student performance on the cognition and intent aspects 
of scientific attitude. It should be noted that the TOSA 
results obtained in the main study are at variance with 
those obtained in the pilot sutdy where a significant gain 
was reported (see Table 1). 

The TOSA results are perhaps not Surprising. The 
inguiry-oriented laboratory program was not directed 
primarily toward improving student performance in either the 
cognition or intent components of scientific attitudes. 

When a decision was made to use TOSA it was assumed that an 
indirect influence would be present. This assumption was 
not supported by the results. The students performed well 
on the test relative to other reference groups, but did not 
do well in absolute terms (See Table 4). Students used 
their knowledge of the cognition component of how attitudes 
operate in scientific work which they accumulated from 
various sources during their years of schooling. ALCHEM 30 
includes very little that would enhance this knowledge. The 
intent component of TOSA gets at a more subtle dimension of 
Scientific attitude. The results suggest that before 


reaching Grade 12 students already are aware of the kind of 
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responses expected in situations involving expressions of 
Scientific attitudes. Apparently neither the ALCHEM 30 
course nor the revised laboratory component included 
sufficient number of situations of the type that might have 
the impact required by the items in the intent subtest. The 
inquiry-oriented laboratory program might have an effect on 
the action component of scientific attitudes, but TOSA was 
not designed to measure this. Some evidence for the 
operation (action) of scientific attitudes may be found in 
the qualitative data to be discussed in the next chapter. 
The Process Domain 

Student competence in the processes of scientific 
inquiry as defined by Nay et al (Appendix C) was measured by 
means of the Processes of Science Test (POST) and the 
Laboratory Reports. 
The Processes of Science Test Results 

POST was designed to measure student competence in a 
variety of process skills as indicated in the "Key for 
Processes of Science Test" in Apendix F. Table 8 presents 
the results of analysis of variance with repeated measures 
for the pretest and post-test data for the experimental 
group. The results of the analysis show that the difference 
in the means for POST is significant at the 0.05 level. The 
probability that the difference in the means could have 


occurred by chance is less than 0.05. Hence it can be 


ee ‘il ene 


— 


to encteaerqus, gnivigwni snail yayrie am ber 
DE MEMDGA, orld rad sign viceeneggd « Mikdigaik: 
baby dated Anvaticcginers etosaredal beeives sai 
eve sda m Pod sae? Say Fo. ences teu sis 16-4 im ane 
oa? «6, jaetdue snetmt-eet ab ames sd? xd Saas 
fe J98 720 a6 even tdgl mR PPO Tg yrotazodad | ; 
a ie 420% Gd ,aebGin lite i tigaetoe ‘do Be | 
sf 16) eomebivg eink tag ona mt 
vo? sd qsm aehutTeete Cie tensi oe. t9 oe) | 
12jqdds Jeet eat A nae oe tb sd oF 8285 ~s “sviseaile 
SiLisnatoe 26 Regsoaysg as Hi sana saqwod, ; ‘hl 
qa OSorvesem gan (9 ni Sinsogay Ls 9 yeh yd beniisb yo 
| safe tae (FaOay Deer goneloe to aseegoon4 s% Yo 5 
.2r10gef Wrote 
Be haimeet SOT 297Si 92. 20. 28 
s ct sonpieqmen toshide stussem of Benpiaeb acy net 
760) ¥oa" gd m2 bsseotind 26 ailtse 289207q ‘to eats 
atrssany @ stad a «Phased al "teat sonsice to aa 
as 1vesax Sesenget: bs o5fatisy io eteylens io sia 
ladnemizeges eda tat mo ab tea t-teeq bus #693979, 


a 


th 


soneieltib #4 judd, wane: @teavians adt 9 “Palvens sat Hea a 


; 


ea? level 20,0 wid t6 Saedstingte et TRO4 20 ensem odd mt 
vad Bluos annem sid nt sone sa23ib edd Aneta, vsitidedoaa 

aq neo +1 gpa .80,0 cede at a9 
A A a xa ie 


: : rr 


* wae 


TG 


- 


89 


TABLE 8 


Analysis of Variance Summary for Pre-test and Post-test 


Results for Processes of Science Test, POST 


Ss. Dak. MoS. B=RATIO PROBABILITY 
POST 
Effects 217025 ae 274025 4.729 0.042 
Errors 84.477 196 4,446 


* Results were computed using SPSS Batch System, 
University of Alberta Computing Services. 
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inferred that inquiry-oriented laboratory work based on 
utilization of scientific process skills does have a 
Significant effect in improving student competence in the 
process domain. 
Laboratory Report Results 

As was explained earlier, three reports were requried 
for a laboratory experiment. The means for each student's 
Design Report, Observation Report and Final Report are given 
in Appendix O. Table 9 shows the class means for every 
experiment for each of the three reports. The mean level of 
performance 1S approximately 80% on each report, which 
indicates that students met the inquiry objectives (based on 
process skill acquistion and utilization) of the laboratory 
program to a high degree. The non-quantitative aspects of 
laboratory reporting will be discussed in the next chapter. 

Correlation of Results from Quantitative Instruments 

The data in Table 10 show the results of calculations 
of Pearson Product Moment Correlations and the probabilities 
that they are zero between pairs of quantitative 
instruments. One interpretation for a high correlation 
among selected instruments is that they are probably 
measuring student development in the same domain. The POST 
instrument is indicated as "process" instrument so as to 


avoid the use of the label "post-POST." 
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TABLE 9 
Class Means for Design, Observation, and Final Reports 


for Each Laboratory Experiment 
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Correlations Between Quantitative Instrument Measures 


and Associated Probabilities that r=o 


10, + CHEM--3.0 Pre Post Pre Post Lab 
TOSA TOSA Process Process Reports 

IQ 1.00 0.44 0.5.19 NaN Spe Od Syl 0.76 0.46 
KO. 0 26) Oe Unto miGu.000) CO.000) (0.000) 10.024) 

CHEM 30 1.00 SORT bs) 0.47 Os) 0.41 OLa3 6 
Oreo earmeo nO 356 OnoLO9) {0.07 2) | 7OO% t27:) 

Pre TOSA 1.00 0.60 0.46 0.30 O..417 
(0.006)(0.040) (0.206) (0.474) 

Post TOSA Oe 0.6.5 O50 0.33 
ORO 2H 64 .0...026.)) 1.0.0) 55) 

Pre Process 1.00 Oea-G OAS, 
nO 00.0) 0 COD One) 

Post Process le 0.0 0.66 
(0.002) 

Lab Reports ie 0,0 

a. Probabilities that correlations are zero are given 


in parentheses below each correlation. 


(The number 


of degrees of freedom associated with each correlation 


equals 18) 
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The 1.Q. results correlate rather highly with those 
from all of the other measures (excluding the Lab Reports), 
and all of the probabilities are below 0.05. This result is 
to be expected. The Chemistry 30 results do not correlate 
too well with the ‘TOSA, POST or Lab Report results. Four of 
the five probabilities involved are greater than 0.05. This 
low correlation is also to be expected since the focus in 
the Chemistry 30 is totally in the conceptual domain of 
chemistry learning. 

The TOSA results do not correlate highly with any of 
the measures except I.Q. and the post-process with the 
post-TOSA results. The associated probabilities in these 
instances are below the 0.05 level of confidence. 

Generally, these results are to be expected since TOSA 
measures student performance in a domain different from that 
measured by other instruments. The rather high correlation 
between the post-TOSA and post-process measures is rather 
Surprising; although, this may be an indirect consequence of 
the significantly improved performance in process skill 
resulting from the inquiry-oriented laboratory program. 

Many of the TOSA items also involve process skills. 

As was expected, the laboratory report results 
correlate relatively strongly at a high level of confidence 
with the process (POST) test results, indicating perhaps 


that both of these instruments give a valid measure of the 
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Scientific process skills that students were engaged with in 
the laboratory. The coefficient of correlations obtained 
for the relation between these two instruments (r = 0.7) may 
possibly be even higher for two reasons: (1) According to 
statistical theory (Hopkins and Glass, 1978, p. 139) the 
greater the variability among observations, the greater the 
coefficient of correlation. From Table 4 variances of both 
tests are relatively low, indicating a restricted 
correlation. (2) Another factor which can reduce the value 
of the coefficient is the meaSurement error. Measurement 
error on either test "can greatly reduce the value of the 
observed r" (Hopkins and Glass, 1978, p. 138). Although the 
meaSurement error for POST is perhaps as small as for most 
instruments in the behavioral Sciences, measurements made in 
the Laboratory Reports are largely subjective and are, 
therefore, suspect. Both arguments above tend to make the 
r, already relatively high, even higher. 
Summary of Quantitative Results 

Students in this study, in spite of spending 
considerably more time in the laboratory and in laboratory 
related activities than students do in a regular ALCHEM 30 
Curriculum, were able to successfully compete in the 
Chemistry 30 Achievement Test, an examination which purports 
to test objectives at a higher level of cognitive 


functioning. Although the provincial mean(39.1) is 
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considerably lower than both the pilot (45.5) and the 
experimental group means (43.6), no claim can be made for 
Statistical significance since the groups could not be 
equated for intelligence. 

In the affective domain pupils did not show any 
Significant increase in performance on the Test of 
Scientific Attitudes (TOSA), although the post-test means 
were higher than the pretest. 

In the process skill domain the students showed 
Significant gains as a result of the experimental program. 
The results of the analysis of variance showed that pupils 
of this study were able to score significantly higher at the 
end of the school year than at the beginning of the year on 
the Processes of Science Test (POST). High correlations 
between the POST results and the marks for the laboratory 
reports are also supportive of the claim for student gains 
in the process domain. 

Assessing the three domains in the empirical-analytic 
paradigm with regards to the purpose of this study (Chapter 
1), the evidence shows that students were able to attain the 
majority of objectives in the concept (higher level) and 
scientific process skill domains but not in the attitude 
domain. The overall evidence is significant but not 


overwhelming. 
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CHAPTER 5 


QUALITATIVE RESULTS AND DISCUSSION 


In this chapter the qualitative data of this study are 
reported. These data were collected by means of laboratory 
questionnaires, written statements, taped interviews, 
laboratory reports, and teacher's log. All data from these 
instruments are found in the appendices, but in this chapter 
only selected data are reported. The data are presented in 
an integrated manner, and key issues relevant to the 
laboratory and the inquiry mode of learning are identified. 
These issues are reported under the concept, process, and 
attitude domains and follow the discussion on the 


instruments that were used to collect the data. 


Summary of Qualitative Results 
Laboratory Questionnaires 


In the Laboratory Questionnaires, which were 
administered within two to three days after every 
experiment, students were asked pertinent questions about 
concepts and principles, the process skills, and about their 
feelings on the laboratory program. The statements on the 
questionnaires (not the responses) are found in Appendix H. 
The questionnaires, made up of Likert type statements, 
required students to respond by indicting whether they (A) 


strongly agree, (B) agree, (C)[are] neutral, (D) disagree, 
96 
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or (E) strongly disagree with the statements. With 20 
students responding to 10 questions on 11 experiments, over 
2000 responses were recorded. These responses are reported 
aS percents and are found in Appendix I and summarized in 
Fable. 11. 

As previously mentioned, there are questions in each 
domain. Approximately 13% are concept domain questions, 54% 
are process and 33% are attitude. Slightly more than half 
of the questions are in the process domain because the study 
1s about inquiry teaching in the laboratory based on process 
skills. Several questions, however, have been classified in 
more than one domain, and these domains are identified in 
Appendix I by the abbreviations Ct, Pr, and At for concept, 
process and attitude domains respectively. For the sake of 
manageability all questions were not asked on every 
questionnaire. Concept, process skill and attitude 
questions were randomly selected and assigned to a random 
Sample of laboratory questionnaires. 

In Table 11, selected statements from all the 
questionnaires have been grouped under the three domains. 

In the concept domain students were asked to comment on two 
specific statements concerning understanding the main 
background concept of the experiment and whether 
difficulties were encountered with calculations. These 


questions were asked for two reasons: (a) to find out how 
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TABLE 11 


Grouping of Laboratory Questionnaire Statements 


DOMAIN 


in Bach Domain 


QUESTIONNAIRE STATEMENTS (LABS) 


Concept 


Process 


Attitude 


I did not understand the main background concept 
(L1-3,M1-3,M4,N1-2) 


Teneo Giificulties with calculations or with 
questions in the interpretations (L1,M1,N3) 


ie 


I had difficulty with the Design Report.(L1-3, 
M1-2,M4,N1-4) 


I had difficulty with the Observation Report. 
(L1-3,M1-4,N1,N3) 


I had difficulty with the Final Report.(L2,M3-4, 
N1-3) 


More guidance should have been provided.(L1-3, 
M1-4,N1-4) 


I had trouble performing [parts of] the 
experiment. (L2,M2-4,N1-2) 


Instructions in laboratory manual were clear. 
(UT=2,.N1) 


I believe I can improve my design and technique. 
(L2) 


I felt confident about my determination. (L3,N3, 
N4) | 


I believe my process skills have improved. (N2, 
N3,N4) 


I found the experiment challenging(L3,M1-4,N2-4) 
I found this experiment interesting. (M1-4) 


I would like more experiments in this unit.(L3, 
M2,N1) 
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TABEEO 1? oC CONnt’ a) 


QUESTIONNAIRE STATEMENTS (LABS) 


A, 


I would like to do this experiment again. (L2,N2) 


This experiment was not very exciting at the 
grade twelve level. (L3) 


I prefer doing laboratory experiments of this 
type rather than designing my own experimental 
steps. (M3) 


I would prefer an experiment which has a 
determination or the answer given. (M4) 


I was generally disappointed in my data. (M4) 


I was generally pleased with my work in the lab 
this year. (N4) 
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well students understood the concepts involved in the 
experiment, (b) to determine if there were any changes 
(trends, patterns or growth) in content achievement during 
the semester. Statements from the process and attitude 
domains have been similarily grouped. 
Written Statements 

At the end of each laboratory questionnaire space was 
provided for students to make written comments. The 
directive appearing at the end of every questionnaire is 
repeated here. 

Please comment about any part of the questionnaire 

or any phase of the experiment. Your attitude and 

personal feelings regarding your participation in 

the laboratory program are of particular interest. 

Please use the back of this page if more space is 

needed. 
In addition to the above, students were reminded, with each 
questionnaire, to please include written comments. Students 
were also reminded that they were part of this study and 
that their contributions were necessary. During the pilot 
study students responded well only to the first few 
laboratory questionnaires, so, in the main study it was 
decided to encourage students to make written statements by 
asking them "to explain further" on some questions. These 
eons are referred to as solicited written comments. 
Over two hundred written statements on all phases of the 


experimental program including attitudes and personal 


feelings are recorded. The majority of the written comments 
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are certainly bona fide; but, no doubt, some students had 
little to comment about or may not have felt very strongly 
about parts of the laboratory program and made thereby only 
token contributions. One can only try to find a general 
pattern of behavior. A summarized edited list of all 
written comments are found in Appendix M. Selected groups 
of written comments are found in Tables 13, 14, 25, 31 and 
are discussed later in the chapter. 
Taped Interviews 
Two students, randomly selected, were interviewed after 

each laboratory investigation. These interview sessions 
were tape-recorded and each interview lasted approximately 
thirty minutes. The questions below are those which formed 
the structured section of the interview. Depending on how 
Students answered the questions, other more in-depth 
questions were asked. 
1. How do you feel about this laboratory investigation? 

What did you like about it? What features? Why? 

What did you not care about this investigation? 


2. Tell me about your thoughts and feelings on the 
following: 


(a) the topic investigated. Did you understand the 
purpose? 
(b) prelab discussions? Were they adequate? 
Whve 16 f not? 
(c) design and observation; processing and 
interpreting data. 
(ad) laboratory reports (DR, OR, FR). How do you feel 
about writing three reports rather than only one? 
) marking reports. 
) your peers? The teacher? What effect did your 
classmates and the teacher have on the classroom 
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setting? 


3. How can the laboratory program be improved? 


Student responses to the questions on the Taped Interview 
for each laboratory experiment are found in Appendix L. 
Compiled results to all responses are included and analyzed 
later in the chapter. 
Papocavory, REDOrtES 

Although the final marks of the Laboratory Reports were 
compared with the other quantitative instruments in Chapter 
4, the reports have components which need to be investigated 
in the situational-interpretative paradigm. The reports 
contain evidence that students exhibited scientifc attitudes 
which were previously identified in An Inventory of the 
Affective Attributes of Scientists (Nay and Crocker, 1970). 
These findings are discussed along with results from the 
other qualitative instruments. 
Teacher’ s Log 

During the Pilot and Main studies records were kept not 
only of trials, innovations and changes but also of the 
teacher's feelings, attitudes and interpretations regarding 
student activites in the chemistry laboratory. As mentioned 
earlier in Chapter 3 (Experimental Design), field notes of 
relevant activities, expressions and behaviors were 
periodically reviewed, condensed and transferred to the 


Teacher's (Investigator's) Log. In the assessment of the 
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laboratory program the Teacher's Log supplements the other 
Qualitative instruments. Appendix N contains excerpts of 
some of the more salient notes which were included in the 
bog. 
Analysis of Qualitative Data 

The discussions which follow show to what degree 
students, subjected to the unstructured laboratory 
experiences of this study, attain objectives in the 


conceptual, process skill and attitude domains. 


Concept Domain 
Results of Laboratory Questionnaires. Although the 


concept domain is treated principally by the 
empirical-analytic paradigm, there are two questions dealing 
with this domain in the Laboratory Questionnaires. On the 
first, students were asked if they understood the main 
background concept on every laboratory questionnaire except 
those for Labs M2, N3 and N4. Student responses, found in 
Appendix I, are summarized in Table 12. The percentages in 
the table indicate that students believed they understood 
the main background concept in the majority of experiments. 
Approximately 76% stated they understood all concepts, while 
13% said they did not and 11% were neutral. On the second 
question dealing with having difficulties with the 
calculations students were queried about their difficulties 


on Lab L1, M1 and N3. Using data from Appendix I, student 
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TABLE 12 
Summary of Questionnaire Results 


Dealing With Understanding Main Background Concepts 


Question Percent Who Percent Who Did Percent Who 
No. Understood Not Understand Were Neutral 
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views are summarized in Table 13. The summary shows that 
Students were nearly split on the issue: 38% had difficulty 
with theccalculations,) 42% did not, and: .20% were, neutral. 

In order to find explanations for the difficulties 
encountered by students in Labs Li, M1 and N3 the Teacher's 
Log, the Written Comments, the Interviews, and the 
Laboratory Reports were searched. Lab L1 was the first lab 
of the year and the calculations were a bit overwhelming for 
most students to perform largely on their own for the first 
time. Regarding Lab M1, a possible clue is found in the 
Teacher's Log (See Appendix N, Lab M1). The interpretation 
section of Lab M1 required students to arrange the oxidizing 
agents (0O.A.) and reducing agents (R.A.) in a table of their 
own design so that their table could be used to "predict" 
spontaneous reactions. This task was not perceived by the 
majority of students and only a few were able to suggest a 
table or a workable scheme. When it was pointed out during 
the post-lab discussions that the 0O.A. in a spontaneous 
reaction is always higher in the table than the R.A. many 
students said they did not believe they could have 
discovered that "rule". This important process skill 
(Conceptualization of Data) was nevertheless discovered by a 
few students, although their schemes were somewhat 


complicated. 
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TABLE 13 
Summary of Questionnaire Results 
Dealing With Having Difficulties With Calculations 


or With Interpretation Questions 


Lab Question Percent Percent Who Percent Who 
No. No. Who Had Did Not Have Were Neutral 
Difficultres Difficulties 
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The difficulties encountered in Lab N3 were mentioned 
by several students in the Written Comment section. In 
order to calculate the concentration of the ammonia in Lab 
N3 students had to use results from the previous lab (Lab 
N2). This fact appears to be the main reason why students 
felt their calculations were questionable. As one student 
wrote, 

This lab was not very difficult...results however 
depended on Lab N2...not very confident about 
the results 
This comment was also expressed by 40% of the class. (See 
Written Comments, Lab N3 in Appendix M.) 

In the student laboratory manual under the 
interpretation section of Lab N3, students were asked to 
determine the concentration of ammonia; and they had to 
answer all the questions on page N52 of the manual. (See 
Appendix B, Lab N3). On Lab N3 Questionnaire, Number 86, 
students were required to comment on the following: "I found 
many of the questions on page N52 difficult." Table 13 
shows that 65% of students said they had difficulties. 
Unlike Lab L1 and Lab M1, in which some guidance had been 
provided since these were the first experiments in each 
unit, Lab N3 provided no directions for processing data. 
Furthermore, the ALCHEM 30 questions on page N52 are 
difficult. In one of the questions students were asked to 


determine "the [OH~] and the pH for the household ammonia 
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used to prepare the ammonia solution for this lab". This 
involves not only calculating the hydrolysis of a weak base 
but calculating the concentration of the original solution 
used to produce this result. Another of the ALCHEM 30 
questions asked students to use collision theory to explain 
a polyprotic reaction. Although this question is related to 
titrations it has little to do with the purpose of Lab N3. 

Results of Written Comments. The concept domain 
questions deal with (i) understanding the main background 
concept and (ii) having difficulties with the calculations 
in the laboratory experiments. The results for both of 
these questions are found in Tables 14 and 15. At total of 
approximately 70 written comments were made by students on 
the issue of understanding the main background concept (See 
Appendix M). This number of written comments is Surprising 
because students are generally reluctant to make written 
statements. Furthermore, the issue was mentioned by 
students on eight of the eleven questionnaires (See Table 
14). The issue was no doubt an important one for students, 
and they felt they should comment upon it. 

The results depicted in Table 14 indicate that more 
students understood the main background concept than the 
number who stated they were confused about the main concept. 
Since actual written affirmations are perhaps more 


significant than merely stating percents, a few 
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TABLE 14 
Results of Student Written Comments Dealing 
With Understanding The Main Background Concept 


of the Laboratory Experiments 


Percent of Class Percent of Class Percent of Class 
Who Responded (Responses) Who Who Did Not 
Understood Main Understand 
Concept 
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TABLE 15 
Analysis of Written Comments Dealing With 
Having Difficulties With the Calculations 


in the Laboratory Experiments 


Lab No. Percent of Class Who Percent of Class Who 
Did Not Have Difficulties Did Have Difficulties 


Possible Responses 100 100 


Mean Percent of 
Possible Responses 10 19 


* Although Lab N3 required calculations to arrive at 
the ammonia concentration, no one admitted in the 
Written Comments to encountering difficulties with 
calculations. 
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representative quotes are listed below. All written 
comments are in Appendix M. 
This experiment was not too difficult but it 
expressed much of the principle behind molar heat 
and was easy to understand. The experiment helped 

[me] understand molar heat. 

...-I would like to re-do the experiment on...[Lab 

L2] not because I don't understand the principle but 
because I'd like to better my results. 

I felt more confident in doing this experiment 
because I knew what I wasS doing and why I was doing 
it. I learned this from the other labs. 

Comparing the overall results of the Questionnaire and 
the Written comments, on both issues it appears that 
Students generally understood the main background concepts; 
but on a sample of nearly half the experiments about 20% of 
the total possible responses in the Written Comments showed 
that students had difficulties with the calculations (Table 
15). On the Questionnaires, the results of the second 
question, aS previously reported on Table 13, showed that 
38% had difficulties with the calculations. 

Results of Taped Interviews. Table 16 is a Summary of 
student responses of taped interviews taken from Appendix L 
on Question 2a: 

"Did you understand the purpose of the experiment?" 
In Table 15 each student response is separated by a double 
solidus. 


Very few students gave negative opinions to Question 


2(a). Indeed, of all students who answered the question 
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TABLE 16 


Edited Responses 


To Taped Interview Question in the Concept Domain 


Questions 


fom) 


Did you understand|L1 


the purpose of 
this experiment? 


be 


L3 


M1 


M2 


M3 


M4 


N1 


N2 


Edited Responses 


Rit eo tment KNOW... Yes, & KNOW 
now//Purpose was clear. Interesting. 


Kind of interesting...//I didn't see 
anything practical. Purpose was 
understood. 


I guess it is interesting to...//It 
didn't seem too interesting at 
frst just ice. 


I had trouble understanding what table 
we were to discover//I understood the 
purpose. 


I understood the purpose. It was 
interesting not knowing the species// 
Purpose was good and I can see the 
purpose for the table too. 


Yes//Yes, you had to be correct with 
the primary. 


Yes,...the emf's could be verified 
experimentally. 


Yes, the purpose was to illustrate 
everything we studied about redox 
reactions actually happens; and 
within certain limitation it did// 
Yes. Interesting because my 
predictions and observations were not 
always the same. 


The purpose was straight forward but 
dutiicults..interestang//A good 
experiment...it took a lot of skills. 
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TABLE 16 (Cont'd) 


Questions Edited Responses 


N3/|}Good, except I wasS worried about 
applying my results...//Yes, but this 
lab more complex [than N2]. 


N4|}Somewhat vague but the prediction was 
more interesting and challenging. 


* Of the 20 responses, 14 understood the purpose, 2 did 
not, and 4 were not applicable to the question. 


The double solidus separates each student's comments. 
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only 13% said they did not understand the purpose of the 
experiments. Regarding the issue of "having trouble with 
calculations," this question was not asked directly in the 
interviews; however, Question 2 (c), processing and 
interpreting data, produced three comments about having 
difficulties with calculations: 

bot chadecornnectecalculationsraftervall."..(Lab»L2) 

fechenkewerwoll seandecaverarions difficult.” ~CLab 

hap calculations were a tticult until I caught on.” 

(Lab M3) 

Since these comments were not solicited during the 
interviews, they must be considered as Significant. 

Results of Laboratory Reports. Laboratory reports 
also measure the student's ability to understand the 
background concept of the experiment; otherwise, how can the 
student know what design to create or what data to collect 
and process? From Table 9 the overall class means for the 
DR's show a grade of 78%. In addition, the table shows that 
the class means for the DR, with few exceptions, are 
increasing within each of the three units (Units L, M, and 
N). This increase took place in spite of less guidance by 
the teacher and the laboratory manual. Furthermore, with 
the exception of Lab M2, the laboratory investigations were 
increasing in difficulty as the year progressed. Lab M2 had 


a more difficult interpretation but the design was very 


Similar to the one in the Lab M1. This issue is discussed 
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further under the process domain. 

With regards to "having trouble with calculations," the 
final reports (FR) show which students processed their data 
correctly, but there is, of course, no guarantee that 
Students who processed their data correctly had indeed done 
SO without outside help. Table 17 shows the percent of 
students who made calculation errors in concept for each 
experiment which required calculations. Regarding the six 
experiments which required calculations, the table shows 
that 26% of the class made an error in concept in the 
calculations. The high percent error made in Lab L2 was a 
result of students failing to take into consideration that 
the energy changes involved not only a phase change but also 
a kinetic change. 

Results of Teacher's Log. The Teacher's Log in 
Appendix N has little to contribute regarding the two issues 
in the concept domain. As reported earlier, the Teacher's 
Log shows that for the first few labs at the beginning of 
the semester students were seeking help with calculations 
and with the interpretation section of the Final Report. 
Realizing that help was not forthcoming from the teacher, 
Students fell to their own resources for the remaining 
experiments. Before students were permitted to go to the 
work bench the DR had to be completed and handed into the 


teacher. With the exception of Lab L1, the first experiment 
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TABLE 17 


Results of Laboratory Report Calculation Errors in Concept 


Experiments Which Percent of Class Who Class 

Required Calculations Made Concept Error Means 

in Calculations on FR 
Lab L1: Molar Heat of a Chemical Change 20 vail 
Lab L2: Molar Heat of Vaporization 60 Comat 
Lab L3: Molar Heat of a Phase Change 25 heed 
Lab M3: Redox Titration 20 J..6 
Lab N2:; Standardization Titration UNS 8.10) 
Bap N32) Tuutration ...Nh., 15 7 45 
X 26 7.4 
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of the year, students were more apprehensive of what the 
format of the design should be rather than with the design 
itself or with problems in the background concept. In Lab 
L2 (Heat of Vaporization) designs were changed by many 
students but these changes were trial and error attempts to 
improve results and not about understanding the main 
concept. In Lab N4 (Common Ion Effect) the main backround 
concept was the problem to be discovered. 

Summary of Concept Domain Results. The results from 
the Laboratory Questionnaires, the Written Comments, the 
Taped Interviews, the Laboratory Reports, and the Teacher's 
Log suggest that students had few problems understanding the 
main background concept or the purpose of the experiments, 
but a significant number of students stated that they found 
difficulties with calculations. In the next section data in 
the Process Skill Domain are summarized and discussed and 
the issue of difficulty with calculations is discussed 
further. 

Process Skill Domain 

The design of this study required that the student 
engage in many more process skills in the laboratory than 
the number required by students following a regular ALCHEM 
30 program. Table 2, shows a comparison of the number of 
process skills required and the number initiated by students 


for each experiment. The students in this study purportedly 
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engaged in a high level of inquiry learning, but the key 
issues in this chapter will be (a) whether students are 
performing the process skills successfully at a higher 
level, and (b) whether students perceive their process 
Skills as improving. All the instruments in the 
Situational-interpretative paradigm are used to determine 
the manner and extent to which students attain the 
objectives in the scientific process skill domain. 
Results From Laboratory Questionnaires. ign wiedoweuts 
section the following questionnaire statements are 
considered: 
1. I had difficulty with the Design Report (DR) 
2. I had difficulty with the Observation Report (OR) 
3. I had difficulty with the Final Report (FR) 
4, More guidance should have been provided by the 
teacher during the experiment 
5. I had trouble performing this experiment 
6. The instructions in the laboratory manual were 
clear 
7. I believe I can improve my design and technique 
in order to minimize the percent error 
8. I felt confident about my determination 
9. I believe my process skills have improved 
Since more data have been collected from the Laboratory 
Questonnaires than any other instrument, these will be 
reported in greater detail. Tables 18, 19, and 20, dealing 
with the first three Questionnaire Statements above, show 
clearly that students did not perceive the tasks of 


completing the three reports to be beyond them. The over 


all weighted means of the responses for the three reports 
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TABLE 18 
Summary of Questionnaire Results 
Dealing with Statement No. 1 


"I had difficulty with design report" 


Lab Question Percent Who Percent Who Percent Who 
No. No. Had Difficulty Did Not Were Neutral 
Have Difficulty 


* The procedural steps (design) were given in the 
laboratory manual for Lab N2. 
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TABLE 19 
Summary of Questionnaire Results 
Dealing With Statement No. 2 


piunad  Critioultyewernwobservation report” 


Lab Question Percent Who Percent Who Percent Who 
No. NOs Had wDitivewley Did Not Were Neutral 
Have Difficulty 


Tee 6 20 60 20 
L3 5 0 90 10 
6 5 95 0 

M1 4 5 B5 10 
5 15 70 15 

M2 4 15 70 15 
5 25 65 10 

M3 4 20 60 20 
M4 6 0 80 20 
N1 6 5 75 20 
N3 3 10 85 Pes 
x 11 75 14 
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TABLE 20 
Summary of Questionnaire Results 
Dealing With Statement No. 3 


"1 Nadvaritvevrivewiuch final report! 


Lab Question Percent Who Percent Who Percent Who 
No. No. Had» Difficulty Did Not Were Neutral 
Have Difficulty 
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TABLE 21 
Summary of Results of 


Laboratory Questionnaires Regarding the Laboratory Reports 


Reports Number Percent Percent Who Percent Who 
of Who Had Did Not Were Neutral 
Responses Difficulty Have Difficulty 


X (weighted) 16 69 15 
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are given in Table 21. The weighted means are based on the 
total number of responses for each report. From Table 21 
the Final Report is seen as one which posed greater 
difficulty for students than the Design or the Observation 
Reports. This fact 1S understandable; since the Final 
Report required more work by the student than the other 
reports, it waS given greater weight in the evaluation. 
However, the task of interpreting data in the Final Report 
should be somewhat the the same regardless of how data are 
obtained--by following the lab manual or by following one's 
own design. No special Significance, therefore, is attached 
to the fact that the Final Report was found to be more 
difficult than the other reports. 

Lab Questionnaire Statement No. 4 states: "More 
guidance should have been provided." The issue of whether 
students require more or less guidance during an experiment 
is proportional to the amount of "Structuring" provided by 
the laboratory manual and to the degree of difficulty of the 
experiment. The question of degree of difficulty, not easy 
to ascertain, was not asked in the questionnaire. Instead 
students were asked after each experiment if "more guidance 
should have been provided." The assumption is made that 
although the experiments varied in difficulty they all had 
less structuring than the conventional type and therefore 


should have been more difficult and required more guidance. 
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However, students found out after the first laboratory 
experiment (Lab L1) that they would receive virtually no 
guidance during the performance of an experiment. The 
Statement on the questionnaire, therefore, is an attempt to 
determine if students perceived that they could perform 
these unstructured laboratory exercises without requiring 
more guidance. The means in Table 22 show that 7% thought 
more guidance should have been provided, 75% thought not, 
and 19% were neutral or could not decide. These results are 
based on 210 responses. 

Table 23 1S a summary of student responses to Statement 
No.5: "I had trouble performing (specified section of) this 
experiment." The results show that on the six experiments 
55% of the students did not have trouble performing the task 
designated, 23% did and 22% were neutral on the issues. 

Student responses for the remaining process skill 
Statements (Numbers 6-9) are compiled in Table 24. These 
questions were grouped together because they deal with the 
principal process skills necessary in performing an 
experiment, and they deal with the issue of improving the 
skills. From the table it can be seen that a eos 
percentage of students felt they were able to improve upon 
their techniques and designs and felt confident about their 
determinations. Most students thought the lab manual was 


clear enough; although, in Lab L1 (See Lab L1, Question 5, 
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TABLE 22 
Summary of Questionnaire Results Dealing With 
Statement No. 4 "I believe more guidance should 


have been provided during the experiment." 


Lab Question Percent Who Percent Who Did Percent Who 
No. No. Agreed Not Agree Were Neutral 


L3 8 0 85 15 
M1 8 15 80 5 
M2 7 0 85 is: 
M3 6 ge 65 20 
M4 8 2) 80 15 
N1 9 3) 80 US 
N2 8 5 85 10 
N3 S) 10 75 15 
N4 8 10 80 10 
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TABLE 23 
Summary of Questionnaire Results Dealing With 
Statement No. 5 "I had trouble performing 


(parts of) the experiment." 


Lab Question Percent Who Percent Who Did Percent Who 
No. No. Agreed Not Agree Were Neutral 


M3 2 URS) 13) 30 

8 50 35 US) 
M4 1 i 25 30 
N1 8 20 65 is) 
N2 & 0 90 10 
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TABLE 24 
Summary of Questionnaire Results 


Dealing With Statements No. 6 to 10 


Lab Question Percent Percent Percent Number 
No. No. Who Who Did Who Were of 
Agreed Not Agree Neutral Responses 


Se AINSLIrUCELOnNS in Manual Were Clear) 


L1 


L2 


7. (I believe I can improve my design and technique....) 


8. (1 felt confident about my determination) 


N4 


x 


9. (I believe my process skills have improved) 


N2 


10 
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Table 24) only 50% of the students agreed. In the first 
experiment of the year students perhaps felt insecure about 
attempting experiments they had to design. In Lab L2, 
Question 3, 80% said the instructions were adequate. For 
most students Lab L2 (Molar Heat of Vaporization) was a 
difficult experiment to obtain a determination with a low 
percent error, but few students had difficulty designing 
procedural steps or carrying them out. The difficulties in 
Lab L2 are discussed later in the Process and Attitude 
Domains. 

The results in Table 24, Statement No. 9, indicate a 
large proportion of students (88%) agreed with the statement 
that their process skills had improved. Lab N3 deals with 
the process skill of reproducibility, and Lab N4 deals with 
the major process skills of this study: identifying a 
problem, predicting, designing, hypothesizing, and 
interpreting data. Lab N4, the last experiment of the 
school year, required students to exhibit most of the 
process skills in An Inventory of Processes in Scientific 
Inguiry. See Lab N4 in Appendix C. 

Results from Other Instruments. Data from the 
remaining instruments in the Process Domain are discussed 
jointly and are meant to focus on the two key issues: (a) 
Are students performing higher level process skills, and how 


well are they doing so? (b) Do students perceive their 
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process skills as improving and what is the evidence? 

The Written Comments in the Process Domain are divided 
into two groups called solicited and unsolicited commments. 
To some of the questions in the Laboratory Questionnaire 
Students were asked to comment further in the Written 
Comment section. These comments are referred to as 
solicited comments and are found in Table 25. The table 
indicates the proportion of students who responded and the 
majority opinion of those responses. The unsolicited 
written comments are primarily in the attitude domain and 
are discussed later. 

The majority opinions of the written comments in Table 
25 indicate that students were performing particular process 
skills at a higher level of inquiry. Lab L2, for example, 
is considered (by the author) to be one of the more 
difficult experiments that students had to perform. Several 
key process skills were required such as: identifying 
limitation of design as a result of failures, modifying the 
procedure, repeating the experiment for reproducibility to 
overcome limitations of intitial design. Table 25 shows 
that 64% of those who responded in the Written Comments to 
Question 9, Lab L2 did not believe the experiment was too 
difficult to obtain a reasonable heat of vaporization. The 
results of the Laboratory Questionnaire for this question 


showed that only 20% of the class thought the experiment too 
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TABLE 25 


Summary of Solicited Comments to Questions 


Lab Question Solicited Percent of Majority Opinion 
No. No. Questions Class Who of Written 
Responded Responses 
L2 9 I believe this 70 Of those who 
experiment is too responded 64% 
GALERLcCuLP ioname) bo thought not and 
obtain a reasonable Said they could 
heat of vaporization. improve results 
with a different 
design. 
M1 5 Lahad (Gif sculey emp 65 Of those who 
ordering my data so responded 20% 
as to identify agreed. 


regularities. 


M3 3 1 had. dittiacuity. 40 About 60% of 
with the FR. those who 
responded 
agreed. 
M4 5 L badsdi ft ticulty 25 Of those who 
with the DR. responded 20% 
agreed. 
M4 6 I phadicda Giiculivy. 25 Of those who 
with the FR. responded 20% 
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difficult. Lab M3 was another difficult experiment chosen 
to see if students could process their data on. Lab M3 
requires a multi-operation in calculations. In Part A 
students were required to calculate the concentration of the 
permanganate ion from the primary standard ammonium sulfate 
hexahydrate. In Part B the students then had to use the 
results of Part A to determine the molar concentration of a 
hydrogen peroxide solution. On the Lab M3 Laboratory 
Questionnaire, reported earlier in Table 20, 45% of the 
class claimed that the FR had been difficult. In the 
written Comments (Table 25) 60% of those who responded to 
the solicited question agreed that the FR was difficult. 
Nevertheless, in the Laboratory Reports the FR results for 
Lab M3 show that students obtained an average grade of 76% 
which equalled the mean for the year (Table 9). Therefore, 
to state on a questionnaire that "I had difficulty with the 
calculations..." is not necessarily an admission by the 
student that he did not eventually get the correct answer. 
Table 17, reported earlier under the Concept Domain,shows 
that 20% of the class made errors in Galculations in Lab M3. 
Although these were reported as concept errors the percent 
is considerably lower than the error obtained in the three 
prior investigations in Unit L (in which on the average 35% 
of the students made concept or rares* Undoubtedly, the data 


Suggest that students perceived their process skills as 
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improving. In addition to the above evidence for this claim 
provided in relation to Experiment M3, the following 
statements were made in the taped interviews: 

The calculations were difficult until I caught on. 

Once the molar concentration in Part A was worked 

out it was okay.// The interpretations were not 

difficult once you had the design and observations. 

Not that hard. I1 found the design the most 

challenging in this lab. (See Table 26.) 
Furthermore, the evidence in Table 26 shows that students 
thought the first half of the semester's experiments were 
more difficult to process and interpret. With the exception 
of Unit L and Lab N3, students said processing and 
interpreting data was not. difficult, to,.do. 

Data from two more questions under the Written Comments 


in Table 25 remain: 


"I had difficulty with the DR" (Question 5, Lab M4) 
"I had difficulty with OR". , (Question 6, Lab M4) 


The results in Table 25 show that only 20% of those students 
who made solicited comments to these statements agreed that 
they had had difficulties with the reports....These results 
agree with the Laboratory Questionnaire results previously 
reported in Table 17. 

Interesting results are found in Table 25 with regards 
to the key issue of performing higher level process skills. 
Students on the Lab M1 questionnaire were asked to comment 


further to the statement "I had difficulty in ordering my 
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TABLE 26 


Taped Interview Comments in the Process Domain 


QUESTION LAB 


Tell me about L1 
your thoughts and 
feelings about 
processing and 
interpreting data| L2 


L3 


M1 


M2 


M3 


M4 


N1 


EDITED RESPONSES 


Processing data was more difficult. 
I didn't know what format to use// 
It was the most difficult part. 


Our percent error was high on first 
calculation...but we had the right 
calculations after all//No problem. 


I had trouble with FR//I find trouble 
Withwcabculeations.,' I think we al) do. 


Interpreting is harder [than design or 
observation]//This lab was easier. 


Interpreting is more difficult// 
Sometimes processing data can be 
Gitricule. wonwehis Labi it wasn’t too 
bad. 


The calculations were difficult until 
I caught on. Once the molar 
concentration in Part A was worked out 
it was okay//The interpretations were 
not difficult once you had the design 
and observations. Not that hard to 
do. I found the design the most 
challenging in this lab. 


Once the design*and observations have 
been done it's easy to do the 
processing and the interpreting. 


I had no problem and found processing 
easy//I understood those reactions 
that agreed with my predictions but I 
didn't understand why some [reactions] 
aidny.ts. 
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TABLES 1264 (Cont'd) 


QUESTION EDITED RESPONSES 


Because we made the designs we knew 
exactiyswhat.to dow ,)b,foundyprocess- 
ing quite easy//I got a very small 
percent error so I must have been 
doing some things right. I had few 
problems with interpretation. 


I had trouble with processing...//I 
usually have trouble with the inter- 
pretations. I don't always know what 
you want. I don't usually have 
trouble with the math. 


Processing data was not too difficult 


for me because the data fitted my 
hypothesis just the way I predicted. 


The double solidus separates each student's comments. 
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data so as to identify regularities." This important high 
level process skill is one which ALCHEM and most structured 
laboratory manuals do not require students to perform since 
a table or a matrix for recording data is generally 
provided. On the questionnaire, only 15% agreed that they 
badydifficulty .with-this eskil h.(Appendixalhyp»rbab Mi); ,sandion 
the solicited written statements 65% of the class responded 
to the question but only 20% of those agreed. Lab M1 was 
chosen because it was perhaps more challenging than the 
other experiments with regard to the process skill in 
question. The process skill of ordering data in Lab M1 
required the student to first distinguish each agent as an 
oxidizing agent or aS a reducing agent then to list the 
agents .in wa «table por -a smat mex jineordern tokistrength pyin esuch 
away so that the table could be used to determine, at a 
glance, which substances would react spontaneously. The 
Same process skill of "ordering" was queried in the Lab M2 
questionnaire (Appendix I, Lab M2, Question 5). Lab M2 is a 
similar type of experiment to Lab M1 but is more difficult 
because the reagents were not known to the students 
(solutions were labelled A, B, C, etc.). On the Laboratory 
Questionnaire, 25% of the students said they had difficulty 
ordering data. In the Laboratory Reports the results of the 
Observation Report (OR) for both experiments showed that 


Students were able to score higher than the year's average 
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(Table 9). 

The Teacher's Log contains reports that students had 
difficulties with design, ordering and processing data in 
Lab Li (Table 79). Difficulties with performing the 
experiment were reported in Lab L3 (Table 81), and problems 
in tabulating and organizing data were reported in Lab M1 
(Table 82). 

Summary of Process Skill Domain Results. The intent 
of the discussions in this section has been to show that 
students are successfully engaged in scientific process 
Skills at a high level of inquiry and to show that the 
students perceived improvements in their process skills. 
From the Laboratory Questionnaires, data show that 88% of 
the students in the class believed that their process skills 
had improved. This evidence was obtained from the last 
three Laboratory Questionnaires (N2, N3, and N4) (See Table 
24). Tables 18, 19 and 20 were used to calculate the 
percent of the class who had difficulties with the DR, OR, 
and FR for each unit L, M and N. The results show that 
there is a gradual decrease in the number of students who 
had difficulties. These calculations are based on 500 
responses from Tables 18, 19, and 20. Although students 
were performing labs at a higher level of inquiry they were 
encountering fewer difficulties as the year progressed. 


From the Laboratory Reports, data show a gradual improvement 
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in achievement for all three reports (DR, OR, and FR). (See 
Table 10). From the Taped Interviews, data in Table 26 show 
that as the year progressed students found processing and 
interpreting easier. From the Written Comments, data in 
Table 31 (to be depicted later) show that students mentioned 
they had had difficulties only with the process skills in 
Lab L1 and L2, the first two of the year. From the 
Teacher's Log (Appendix N), the data show that only in Labs 
L1, L3 and Mi did students have difficulties performing the 
lab and processing data. Further, they requested extra help 
and guidance only in the first few labs. Evidence recorded 
in Labs M4, N1, N3 and N4 shows that students experienced a 
greater number of process skills and became more proficient 
in carrying them out (See Appendix N: Tables 85, 86, 88, and 
89). 

The above results from the study coupled with the 
student gains on POST discussed in Chapter 4 show quite 
unequivocally that inquiry-oriented learning and teaching is 
a realistic and attainable objective for chemistry, 
especially if an inquiry laboratory component based on 
scientific process skills is included. Students can learn 
to perform inquiry activities with decreasing difficulty and 
increasing efficiency, even though the guidance by the 
teacher and instructional materials is decreased. It is 


true that the amount of time required to cover a program in 
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an inquiry approach is greater than by conventional means, 
but the data on the Chemistry 30 Examination discussed in 
the previous chapter suggest that this does not necessarily 
result in a penalty on students writing externally prepared 
content (conceptual) exams. 
Attitude Domain 

Intwoduction. As defined earlier in Chapter 1, for 
purposes of this study, the Attitude Domain includes 
scientific attitudes as well as feelings that students 
exhibit, or perceive to have, regarding their participation 
in the inquiry-oriented laboratory program. The scientific 
attitudes were evaluated by TOSA and have been discussed in 
the empirical-analytic paradigm section. In this 
Situational-interpretative section only the attitudes and 
feelings relative to inquiry-oriented learning are 
discussed. 

Data collected by means of five instruments in this 
paradigm are recorded and discussed separately. These 
discussions are then followed by an attempt to focus on key 
issues which are related to the problem of the study: (a) By 
what manner and to what extent do students of this study 
exhibit desirable objectives in the affective domain? (b) 
How do students perceive the laboratory program? (c) Are 


the students satisfied with their laboratory work? 
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Results from Laboratory Questionnaires. The 


following statements from the Laboratory Questionnaires in 
the Attitude Domain are discussed in this section: 


I found this experiment challenging 

I found this experiment interesting 

I would like more experiments in this unit 

. I would like to do this experiment again 

This experiment was not very exciting at the grade 

XII level. 

6. In Part A (Lab M3), fourteen steps were given under 
Procedure. I prefer doing laboratroy experiments of 
this type rather than designing my own experimental 
STeps. 

7. I would prefer an experiment which has a 

determination or the answer given. 

I was generally disappointed in my data. 

I was generally pleased with my work in the 

laboratory this year. 


PWN — 


eee) 


The first statement "I found this experiment 
challenging" was placed on every laboratory questionnaire 
for students to evaluate except the Laboratory 
Questionnaires L1, L2, and Ni. Table 27 shows that 
approximately two-thirds of the 160 responses indicate that 

eters found the experiments challenging. Only Lab L3 was 
found to be "not challenging" by more than 35% of the 
students. For all other experiments only 5% of the students 
found them not challenging. 

Unit M (Electrochemistry) was randomly chosen for the 
Survey of the question "I found this experiment 
interesting." The results in Table 28 indicate a high. 


percentage of students (85%) found the experiments in 


electrochemistry to be interesting. Less than 2% did not 
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TABLE 27 
Summary of Questionnaire Results 
Dealing With Statement No. 1 


"I found this experiment challenging." 


Lab Question Percent Who Percent Who Did Percent Who 
No. No. Agreed Not Agree Were Neutral 


M2 10 65 15 20 
M3 10 90 0 10 
M4 10 70 0 30 
N2 10 85 5 10 
N3 10 60 0 40 
N4 9 95 0 5 
x 65.6 8.8 25.6 


The total number of responses for the. survey is 160. 
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TABLE 28 
Summary of Questionnaire Results 
Dealing With Statement No. 2 


"I found this experiment interesting.” 


Lab Question Percent Who Percent Who Did Percent Who 
No. No. Agreed Not Agree Were Neutral 


M4 9 he 0 3) 


<I 


85...0 bed 38 


The total number of responses for the survey is 80. 
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agree with the statement. 

The questionnaire results on Statements (3) "I would 
like more experiments in this unit" and Statement (4) "I 
would like to do this experiment again" are found in Table 
29. The purpose in asking students whether they would like 
more experiments in the unit is to find out not only whether 
Students enjoy doing the unstructured experiments but 
whether they enjoy them well enough to want to do more of 
them. Similarly, asking students whether they would like to 
do the experiment again 1S an attempt at finding out whether 
students care enough about their work to want to do it over 
in order to get a better result or perhaps to confirm what 
they got initially. The results for the three labs chosen 
for the statement "I would like more experiments in this 
unit" (Table 29) indicate that approximately two-thirds of 
the 60 responses were in agreement with the statement. Most 
of the remaining students were neutral on this statement. 
One is tempted to surmise that to be neutral about high 
level inquiry laboratory work is to give it tacit 
endorsation. To Statement (4), "I would like to do this 
experiment again," Table 29 shows, one more, that 
approximately four-fifths of all responses were in agreement 
with the statement. This shows that most students are 
challenged and motivated to get respectable results in the 


experiments. 
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TABLE 29 
Summary of Questionnaire Results Dealing With Statements: 
(3)"I would like more experiments in this unit". 


(4)"I would like to do this experiment again." 


Lab Question Percent Who Percent Who Did Percent Who 


No. No. Agreed Not Agree Were Neutral 
(3) "I would like more experiments in this unit.” 
L3 10 50 5 45 
M2 1 90 0 10 
N1 10 ey) 0 45 
x 65 2 che 
(4) "I would like to do this experiment again." 
L2 =) 85 10 5 
N2 3 70 7 25 
Xx 78 7 15 


The total number of responses for the survey are 60 
and 40 and respectively. 
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The results for the remaining statements in the 
Laboratory Questionnaires are grouped and found in Table 30. 
Since each one was asked only in regard to one experiment, 
no definitive conclusions can be drawn. The results for 
Statement (5) indicate that 50% of the students did not 
agree with the statement and the remainder were neutral. 
Regarding Statement (6), only 20% of the students preferred 
to do experiments which had the design steps provided; and 
the results for Statement (7) are probably not significant 
Since approximately half of the students were divided while 
the rest were undecided. In fact, students could be 
reflecting some of the sentiment expressed in Statement 8 
which was also based on Lab M4. Experiment M4 was a 
disappointing one for most students because of the type of 
voltmeter used to measure the electromotive force of the 
cells being constructed during the experiment. If a vacuum 
tube voltmeter (VTVM) is used, acceptable readings are 
obtained, that is, less than a 10% error is obtained in most 
cases. However, the student meter with its relatively low 
internal resistance produces a considerably higher error. 
Corroded clips, poor connections, contaminated porous 
partitions (not changing the cotton batting) and other 
problems are the uSual sources of error; however, these 
errors along with the error incurred by the use of the 


Student meter produced a high percent error for some 
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TABLE 30 
Summary of Questionnaire Results Dealing with the 


Remaining Statements in the Attitude Domain (5,6,7,8,9) 


Lab Question Percent Who Percent Who Did Percent Who 
No. No. Agreed Not Agree Were Neutral 


(5) This experiment was not very exciting at the 
grade XII level. 
L3 g 0 50 50 
(6) I prefer doing laboratory experiments of this 
type rather than designing my own experiemental 
Steps. 


M3 1 20 S15) Z5 


(7) I prefer an experiment which has a determination 
of the answer given. 


M4 4 Zo 30 45 
(8) I was generally disappointed in my data. 
M4 S S5 25 20 


(9) I was generally pleased with my work in the 
laboratory this year. 


N4 10 80 0 20 
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Students. The original intent for this experiment was to 
have students initially use the student voltmeter. Only 
Suspect cells would then be checked with the VTVM. There 
were enough student voltmeters available but, unfortunately, 
not enough VTVM's, and most students did not find the time 
to check all the cells with the VTVM. Furthermore, during 
the Pilot Study students had prepared only four cells and 
were not rushed while in the Main Study six cells were 
prepared. As a result, students were unhappy about the data 
collected. It seems the decision to increase the number of 
cells for the main study was unwise, especially without 
providing an adequate number of vacuum tube voltmeters. 

For Statement 9, 80% of the students indicated they 
were pleased with their laboratory work this year, while the 
remaining 20% were neutral. Whereas the class was generally 
split in response to questions 5 to 8, the strong positive 
response to the last question seems to be an unequivocal 
endorsation of the inquiry-oriented laboratory approach used 
in the study. 

Results of Written Comments. Two questions solicited 
written comments in the Attitude Domain. In Lab L3. students 
were asked to comment upon Statement 7: "This experiment was 
not very challenging." Appendix M, Lab L3, shows that 60% 
of the class responded with one or more written comments on 


this issue and of those who responded 30% agreed that the 
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experiment was not very challenging. On the Lab L3 
Questionnaire 35% disagreed with the statement and 35% 
agreed that the experiment was not challenging; but in the 
written comments these same students who agreed qualified 
their answers by stating that the experiment helped them 
"understand principles," "build confidence," and enabled 
them "to become more efficient." They also thought they 
should have been given the opportunity to do more 
experiments in the unit on energy (Appendix M, Lab L3). All 
students who indicated they were neutral on the 
questionnaire appeared reluctant to admit that the 
experiment was challenging although many students said 
something positive about the experiment. 

The last solicited written comment was in response to 
the Laboratory Questionnaire Lab N4 statement: "How do you 
like this type of laboratory experiment as a learning 
experience?" A compilation of all the comments is found in 
Appendix M. Ninety percent of the class wrote comments, and 
with very few exceptions the comments were positive. Some 
were flattering, others were perceptive, and a few were 
constructive. A few excerpts follow: 


"I knew what I was doing before I went into the 
PA eect 


"] liked the freedom an) (design)...." 


"You learn more...more challenging.... 


A few perceptive ones: 
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"I became more aware of what I was doing....maybe 
actually thinking like a scientist." 


Pivrelt- part of ene ciacs.." 
"It forces a person to think." 
And some constructive ones: 


"This system should have been started in 
Gradeuxaance 


"I like to modify my design but...(did not always 
have time)" 


"We had to learn from our mistakes." 

"I found the labs enjoyable and challenging, 

especially the titrations." 

Table 31 contains an edited list of unsolicited 
comments mentioned by two or more students. Appendix M, 
from jwhicheTabbet3igis takem, contains a summary of written 
comments for all laboratory experiments. The most often 
made comments on all questionnaires emphasized that the 
experiments were enjoyable, interesting, and challenging. 
Comments were made regarding the usefulness of the Design 
Report and appear in Labs L1, M3, and N4. These comments 
ranged from "good idea," "able to change [design]," "gives a 
better understanding," to "more confident with my own 
design." (See Table 31). In addition, some revealing 
comments were made about Lab M3 (Appendix M). Part A of Lab 
M3 (Redox Titration) provided students with a comprehensive 


list of procedural steps which enabled students to develop 
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TABLE 31 


Summary of Unsolicited Written Comments 


Lab Edited Comments Mentioned By Two or More Students 


L1 "IT liked the idea of a design report." 


"W 


».-enjoyable this way." 

",..more demanding than (ALCHEM 10/20)" 
...-more guidance needed." 

wee enad Ga fiicultiy watth) thes icalculat ions.” 


L2 "I would like to try again and get better results." 
ve Mavura tuoubleriiath calculations." 

L3 mL would like to dosthis Lab again:.” 
weonnveresting) labye 
Mckee ula Lvengung ." 

M1 W tea Ona enging. 


peta, Sy) SOP O10: 


M2 ",..more challenging than Mi." 
"color tests were confusing." 
meee anteresting. 
MiesGitticult to olassriy iohe oxidizing -and reducing 
agents.” 


M3 ",..I like to be able to make changes when necessary." 
wre ChaLlenging 
"I understand lab better if I have to design it." 
"...given procedures make you rely too much on the lab 
manual." 
"I was not as confident with Part A as I would have 
been if I had drawn up my own procedures.” 


M4 Ve neerest ing: vad. 
 ewchallengings, 
"The student voltmeter was not very accurate.” 


N1 "I enjoyed this lab." 
",..interesting lab because of unexpected results.” 
"Tl found mt ditficuit to, explain the (anomalies) ..” 
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TABLES 31 (Cont'd) 


Edited Comments Mentioned By Two or More Students 


N2 


N3 


N4 


"I liked this experiment." 


" 


‘s.enatlengiung.. 
»..an interesting lab." 
"The end-point iS not easy to arrive at." 


"I am not sure of [NH3] because the [HC1] from Lab N2 
is suspect." 

Pee ay OLericulumilapewe. er LtOorm. 

"I enjoyed this lab." 

"i had trouble drawing tatration curve.” 
",..einteresting labs this year.” 

been jJOvyable.. 

Pete eC UAL LENG Lea: 

",.emore challenging than (ALCHEM 10/20." 

"This system (of labs) is better although more work." 
"DR is important...gives a better understanding." 
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proper titration techniques. Part B, on the other hand, had 
Virtually no steps provided and students were required to 
design their own. Several students (indeed, 35% of the 
class) wrote that they preferred to write their own design 
rather than be given the procedural steps. These written 
comments were unsolicited comments--students were not asked 
to specifically comment on the issue. This issue is of such 
importance that a few original quotations are given here, 
not the edited versions that appear in Appendix M, Lab M3. 

I would rather invent my own steps because it is 

easier to remember what to do next. This way I have 

to keep rereading in my lab. 

I prefer to follow steps that may be given to you 

for the first lab in a new area (unit) where you are 

doing something totally different. The following 

labs in that area do not need the written steps but 

some guidance before the lab is necessary. 

It was easier to follow and carry out the ALCHEM 

procedure (Part A); however, I was not as confident 

going into the lab as I would have been if I had 

drawn up my own procedure. I put more thought into 

the lab if I have to design it. 
These results agree with the Laboratory Questionnaire M3, 
Question I, results (Appendix I), which were reported 
earlier in Table 30. This table shows that only 20% of the 
class preferred doing experiments with the design steps 
given. 

Results of Taped Interviews. A summary of student 


responses to all questions on the Taped Interviews for each 


laboratory experiment is found in Appendix L. The comments 
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to interview Question 1: "How do you feel about this 
laboratory investigation?" are varied and add little that is 
new relative to the Attitude Domain. The most prevalent 
comment found in the appendix has to do with writing the 
Design Report. Students thought writing their own design 
was a "good system". The reasons for doing so varied: "I 
like being trusted," "more of a challenge," "You have to 
uGeeene the lab [in order to write your own design]," 
"Interesting". A few found faults with some of the 
experiments. Lab N2 was thought to give inaccurate results. 
In Lab M1, one student thought that the section on 
electrochemistry had not been properly covered before the 
lab was attempted. Another, would have preferred more 
freedom be given him in Lab M2. A few found the 
calculations difficult in Labs M3 and N3. The above 
comments with the exception to the one preferring more 
freedom in Lab M2 were also noted in the Questionnaires and 
particularly in the special question of Lab N4 in which this 
Same question was asked about all the laboratory 
experiments. The results of these solicited written 
comments were very poSitive (Appendix M, Lab N4, Special 
Solicited Question). 

The results for the remaining questions asked in the 
Taped Interviews, Questions 2 (a), (b), (c), (d), (e), and 


(£), are found in Appendix L but summarized in Table 32. 
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TABLE 32 
Results to Taped Interview Question No. 2 


"Tell me your thought and feelings on the following." 


Question Percent Who Major Opinion 
Descriptor Responded (Percent of Those 
Who Responded) 


Understood Did Not 
Purpose Understand 
2(a) (Topic and 95 87 13 
Purpose) 
Adequate Not Adequate 
2(b) (Prelab) 95 84 16 
Not (Difficult Deer peust 
2(c) (Design) 80 88 12 
(Observation) 80 94 6 
(Processing and 90 56 44 
Interpreting) 
Prefer Three Prefer One 
2(d) (Lab Reports 90 94 
one or three) 
Fair Not Fair 
2(e) (Marking 85 70 30 
Reports) 
Complimentary Not 
Complimentary 
2(f£) (Peers) 80 8 1 19 


(Teacher ) 80 83 7 17 
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Students were asked to give their thoughts and feelings 
about specific features of the laboratory program and the 
role students played in this program. The results to the 
questions are tabulated so that the majority opinion for all 
labs is depicted. . Question 2 (a), (b) and (c) were 
discussed earlier under the concept domain. Regarding 
Question 2 (d), the majority opinion of students who 
responded (94%) said they preferred writing three reports 
(DR, OR, and FR) rather than a single report as they had 
een required to do in ALCHEM 10 and 20. Several students 
mentioned that although writing three reports involved more 
work it was probably more beneficial to them. There were 
very few negative comments made on the issue (Appendix L). 
Responses to Question 2 (e) indicated that the marking was 
fair although several students thought the teacher had been 
a stickler for details in some instances. 

Responses to Question 2 (f) "What effect did your 
classmates and the teacher have on the classroom setting?" 
were tape-recorded by most students without the teacher 
being present. The majority of comments (over 80%) about 
peers and the teacher appear as eulogies, particularly those 
about the teacher. Regarding the eulogies, it is important 
for the reader to distinguish between the person and the 
teacher. Considerable evidence in Appendix L, and to some 


degree in the Teacher's Log, exists to show that the praises 
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lavished upon the teacher were made because of what he did 
as a teacher--not as a person devoid of teaching. The 
teacher had placed students in a particular laboratory 
setting which demanded certain expectations and the students 
seemingly approved. Praises stated in the Taped Interviews 
point to specific situations that were created by the 
teacher. From these situations learning outcomes were 
produced and have been identified as high level inquiry. 
Results of Laboratory Reports. Because of the amount 
of data involved, the student reports (DR, OR and FR) have 
not been included in the appendices; however, the reports 
include evidence for the use of desired scientific attitudes 
Or intellectual adjustments noted in Appendix E. Laboratory 
reports for the last few experiments showed that students 
exhibited the action (rather than the cognition or intent) 
component of such behaviors as objectivity, questionning 
attitudes, honesty, respect for evidence, and willingness to 
change opinions. These attitudes were particulary evident 
in Lab N4, the last experiment of the semester. The 
experiment was designed to have students identify and 
exhibit a number of process skills, a large proportion of 
which were at a high level inquiry ((Appendix B, Bab N4). 
With little or no assistance from the teacher or the 
laboratory manual, students were required in the FR to: 


interpret data by assessing the validity of initial 


eat 


bib ad saws ital on sie saddoees er nage 


dees 8 an 
oot poldeul fo biowab noe eq yes soa--4 Oe a 4 
ogsetodal relia: area ‘8 rf ssnebute: Beant Be 
7 
asrebid2 See, anotseraaqns aiesx9s bebname®: 4 


ioe > Tae ‘S| 
ewervnesAs ‘Nua add’ Hs bhGigse ae2iat4 -bevas 


~ ™~ 


sit ye SbreertS Stew sett enoisevate vite | 


3 t3w neHned $90 anianee | ancitsutin seeds meat | 
yriupead Levelt doit ae boiiisded! jak ave aoe a 


+} 


‘ont sta do pawode ds0999 "od szoded 20. divess 
red (93 fs. 0 ‘Swath Ee snabyta od? \baviovnd | 
“on Wee cay 
‘jogs odd  avewon sadedbercas “ae ai “pebuloni 


bUssise ‘Did edeiaS en tale is ecu add qed | sonsbive., 


wip i 


maou1eiedsad 42 tonal, air. aden asnenseutee: oe 


eS oe ichgerl ne 
. @otreaulta sad 3 bain Hodabsows wot seni eas, 102, 10g: 
L ead | 

(trieierts +0 ioiat igs iby Na redanys | | “add Boa 
2” he Ee (oar) aa 

lane S¢eeup aneien . ‘ee exoiveded ‘aes to 4 
Vi ary ijn ee hey ae Pept 

Ql aeons tiicte ona 29038 eo 202 tia Seda widened * 


a 
” ail 


‘ ety, wan 
ingbivs ctwoniab eM asbu2 isda saat . 


"7 


a. i oo 
ed. voseonina + hid | soomteqne ash 2d, y 


lo moitroqose swe ‘s a ita outa to sedmue 
‘ystwpa foved dt ade. Yee 

(W380 michele (octet ry 
aod sonsie tawe) on “4 alsa “a 


(a dad ,@ x 


156 


assumptions, predictions and hypothesis; to express the 

interpretation of data verbally or mathematically; and to 

state what further evidence was needed to substantiate 
findings. The examples cited below illustrate the level of 
achievement in the processes of science but more importantly 

Show that students were also exhibiting desirable attitudes: 

1. Predictions were verified but students admitted other 
observations could not be explained (honesty; respect 
for evidence). 

2. The prediction made said 'nothing would happen', yet 
students reported conflicting evidence--'a precipitate 
formed'. (honesty; respect for evidence). 

3. Predictions stated that a precipitate of NaCl would form 
yet no precipitate formed. Upon further re-testing a 
precipitate formed. (perseverance). 

4, The expressed theory fitted the observed facts but 
students admitted that other tests would be required to 
verify the hypothesis. 'This experiment will have to be 
repeated with other [similar] solutions...to see if the 
Same results are obtained.' (suspended judgement; 
further evidence needed). 

Results of Teacher's Log. Most of comments made in 
the Teacher's Log are observations which belong in the 
process and concept domains, but several impressions 


regarding student attitudes are found in Appendix N. At the 
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beginning of the year students expressed preference to 
working in pairs, but by the fourth experiment the habit of 
working alone was no longer an issue. Indeed, by the end of 
the year students seemed to enjoy not only working by 
themselves but enjoyed being on their own, that is, without 
requiring guidance from the teacher or the laboratory 
manual. 

Preference for deSigning their own experiments was 
exhibited early in the year (Lab N3, Appendix N) but few 
Scientific attitudes were exhibited. These attitudes were 
not observed until later in the year and especially in Lab 
N4. Lab M4 in Appendix N showed the need for experiments 
which yield 'good data.’ The respect for evidence and 
related attitudes were not promoted by this experiment but, 
as mentioned in the appendix, these attitudes could have 
been fostered to a much greater degree. 

In the titration experiments Labs M3, N2 and N3 
students displayed affective behaviors which are those 
necessary for competence and success in Science. Students 
persevered in attempting to obtain reproducible data. This 
was especially true in Part B of Lab M3, Lab N2 and. Lab N3. 
However, students were not necessarily motivated 
intrinsically by these experiments, for they had been 
challenged by the teacher. This was also true in Lab M4 
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Summary of Attitude Domain Results. Data from a 


number of instruments was used to determine the manner and 
extent to which objectives in the Attitude Domain were 
achieved. As previously stated in Chapter 4, the results 
from TOSA have not been helpful. However, the qualitative 
instruments provided a great deal of information on how 
students felt about the inquiry-oriented laboratory program. 
The Laboratory Questionnaires, by means of nine statements, 
covered a variety of topics in the attitude domain. The 
Written Comments, including six solicited comments, were 
found on all questionnaire forms. The Taped Interviews, 
given after each experiment, Surveyed every facet of the 
laboratory program. The Laboratory Reports, required for 
every experiment, contained selected excerpts on pupils' 
attitudes. And the Teacher's Log, compiled from field 
notes, contained records and general impressions about 
Student attitudes on every experiment. The digestion of a 
multitude of data is quite unmanageable unless a process of 
selection is used. 

One of the issues was to determine how students 
perceived the laboratory program. In order to give opinions 
about the present program, students in many cases, made 
comparisons with laboratory procedures used in previous 
years, namely those used in ALCHEM 10 and 20. Although 


Students of this study had followed the ALCHEM curriculum 
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(not the alternate program Keys to Chemistry), a direct 
comparison was never asked of the students. 

To the issue of how students perceived the 
inquiry-oriented laboratory program, a sizable majority of 
Students repeatedly expressed that they found the 
experiments challenging, interesting and enjoyable. These 
comments are documented in Appendices I, M, and L and to a 
lesser extent in Appendix N (Teacher's Log). Students 
enjoyed the freedom given them in design, and they preferred 
to design procedural steps rather than be told by the 
laboratory manual or the teacher. They indicated they 
preferred to write three laboratory reports (DR, OR, FR) 
rather than only one; although, they admitted that three 
involved more work. 

The evidence gathered in this chapter suggests that the 
experiments were enjoyable and interesting because they were 
challenging. In the original ALCHEM experiments, the 
challenges are more intrinsic--that is, the authors of 
ALCHEM had produced a challenging set of experiments. The 
revised experiments of this study, however, have been made 
even more challenging because they required students to do 
their own designing, recording and processing. The members 
of the class perceived the independent exercise of these 
process skill requirements as "doing their own thing." As 


recorded in the Laboratory Reports and the Teacher's Log 
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these requirements produced improvements in pupils' 
attitudes. This was observed as a gradual process 
throughout the year. 

Perhaps the strongest evidence which supports the claim 
made about how students perceive their laboratory work is 
found in the special question in the Written Comments: "How 
do you like this type of laboratory experiment as a learning 
experience?" This question, found in Table 77, Appendix M, 
1s not just about Lab N4 but about the type of experiments 
the students had been performing all year. Almost every 
Student answered this question by comparing the unstructured 
labs of the Revised ALCHEM with experiments performed in 
previous years. A Hawthorne effect may have been operative, 
partly because students were aware that they were involved 
in a study, but the students preferred the experiments used 


in this study. 
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CHAPTER 6 


SUMMARY, IMPLICATION, AND FURTHER RESEARCH 


Summary of the Study 


This study attempted to assess the impact of 
inquiry-oriented laboratory work on students in Grade 12 
chemistry in Alberta. It addressed several questions, most 
notably the following: 

1. To determine the manner and extent to which students who 
are presented with minimally structured (directed) 
laboratory experiences are able to attain objectives in 
the domains of concept learning (higher level), 
Scientific attitude and scientific process skills. 

2. To determine how students "feel" about learning 
chemistry in which inquiry-oriented laboratory work is 
emphasized. 

3. To delineate teaching strategies to be employed by the 
classroom teacher for the effective use of an 
unstructured laboratory component in a chemistry course. 

To answer the above questions it was deemed necessary 
to collect both quantitative and qualitative data, the first 
by means of an empirical-analystic paradigm and the second 
by means of a situational-interpretative one. The research 
methodology, instructional materials and data collecting 


methods were developed, tested and refined during a pilot 
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phase involving three Chemistry 30 classes (54 students) in 
two separate school semesters. The sample for the main 
Study consisted of one class of Chemistry 30 (20 students) 
which was engaged in the inquiry-oriented laboratory for a 
full school semester. 

The displays or instructional materials used in the 
study consisted of eleven experiments, eight of which were 
from the prescribed ALCHEM 30 program but revised to a 
higher level of inquiry, while three were added by the 
investigator. These experiments were based on an inventory 
of scientific process skills (Nay et al, 1971), and the 
level of inquiry was defined by the number of process steps 
which had to be initiated by the student rather than by the 
teacher or (the manual. pooticy ative. per went of all the steps 
in the eleven experiments (more than double the number in 
the original ALCHEM 30 experiments) had to be initiated by 
the student, attesting to a high level of inquiry. 

The laboratory work was performed by students as part 
of the regular Chemistry 30 program, but required about 
three times the amount of time (in class, during breaks and 
homework) that would have been spent on the original ALCHEM 
30 experiments. However this time was obtained noni at 
the expense of activities found in a traditionally-taught 


course. 
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The quantitative instruments used in the study were as 
follows: Chemistry 30 Achievement Examination (Alberta 
Education, 1979); Processes of Science Test, POST (BSCS, 
1962); Test on Scientific Attitudes, TOSA (Andruski, Kozlow 
and Nay, 1981); Laboratory Questionnaires, and three 
Laboratory Reports, namely the Design Report (DR), the 
Observation Report (OR) and the Final Report (FR). The 
qualitative data came from the Laboratory Questionnaires, 
written comments in the Laboratory Questionnaires, the three 
Laboratory Reports, Taped Interviews, and Teacher's 
(Investigator's) Log. 

Summary of Quantitative Results 

The Chemistry 30 Achievement Test, the main instrument 
in the concept domain, was used to answer two questions: (1) 
Do students subjected to the laboratory experiences of this 
study attain objectives at the higher level in cognitive 
domain? (2) What effect does the additional time required 
on inquiry objectives have on the student's concept 
achievement? In Chapter 4 it was established that the 
Chemistry 30 Test was testing students at the higher levels 
Bloom's taxonomy of educational objectives in the cognitive 
domain (1956). Over 50% of the questions in the instrument 
are purported to be of the application, analysis, and 
synthesis type. The remainder consisted of questions in the 


knowledge and comprehension categories (Table 3). The 
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achievement test results showed that students of this study 
were able to successfully compete with students from the 
provincial group. However, no rigorous statistical claims 
are made to show that students of this study did 
Significantly better than the provincial group. 

The Test on Scientific Attitude (TOSA) was used to 
measure scientific attitudes such as objectivity, 
open-mindedness and questioning attitudes (Appendix G). 

TOSA consists of two sub-tests: the cognition one meaSuring 
student's knowledge of how scientists behave attitudinally 
while performing research, while the intent sub-test 
measures students' attitudinal intent when presented with 
various attitudinally-loaded situations. This instrument 
failed to show any significant change when administered as a 
pretest and post-test; this result is inconsistent with the 
results from all of the other instruments. The cognition 
sub-test of TOSA is probably not a valid instrument for this 
study. No where in the core, elective, or laboratory 
materials of the ALCHEM 30 curriculum are students given 
materials or topics related to the scientific attitudes that 
scientists should have, nor were attitudes emphasized in the 
classroom or in the laboratory during the year. On the 
other hand, there was some scope for the intent component to 
develop in the inquiry-oriented laboratory work. However, 


no attempt was made to isolate and analyze the intent 


i | ri - i 
od | ae 
bat | 


——— a 


chee aint Fe gonebude ted? eee ee 


baie : a sve Bi 
aids mori 2sashude distin adaqno> cichaeoaie ef 


omiala) beni set ante eiyyeges an prsveson| yquox f hi 
* oe 
Bie. youre) gids Yo efrabu de ted3 wode ‘aah a | 
(4pot9 JaAPatNene, oid weds ested babdincr 


ot fen Lach (AeOT) abit £494 bid anebo@ ae teats re 


, PO 


LyEoetde #8 Hoer ae ee ett a 


wy 
+ vr 
: 


> * buecnya’ esbusiasa earncivesup bre 28 ge 

piugesm Sip Spe tengos an? seoeeal-due ows io ‘egateno 3) 

ifantburtéon aeened wa bees: oz war to Loomis: 
sao39°"aue J 


jneint ea siidw ,doissees pr: 


jiie SFedneeetq agiy gregns se stn 
snemaseni Sent 


Sagi cau ds e babeol-\i Reet ies aries 
6 86 Set eeatntens cea apoate: Brest dingee yns wean 


ae A 
ad+ dtiw dnesebabookld 27 ehieer aids raeaardecg Ge $ 
noisinpes of? .acnemiadent #930 ade tts’ 


ion F 
sid? 10t tosmurwenk Big eter yidadosy eh aes 
yiosapodst a wovisdoele sion edt ni stedw pene “¥ 


a 
7 Pas br) 


io Ah oe a 
cevig pénsbuse sa! mukuois Of MSHOUA oft | 


ak 
hie 
jes eeborteye si danaian a od betaleaeotqos Yo @ an 


hs nate 
ait ot Secheedgns aabortase 219 ton, sverdt Meare 


_ 
rt i 
alt 10 vay ert, yubawb yroseredel eet nt "ie steele 

; 
ot insqogmes gnegNs od¢ x08 eqone mod ech asec 


ea fe) 
po . 


Wvewon .Atow resin oaaetairsiee 


& 


165 


Sub-test results. 

The analysis of variance with repeated measures for the 
pretest and post-test for the Processes of Science Test 
(POST) was significant at the 0.05 level. Students were 
able to attain the process skill objectives tested in POST 
during the main study. These objectives are as follows; 
1. Recognize adequate criteria for accepting or rejecting 

hypotheses. 
2. Prepare experimental designs for solving a problem. 
3. Attend to controls, adequate sampling and careful 
observation. 
4, Appraise and interpret data. 

The overall results obtained on the basis of the 
empirical-analytic paradigm suggest modest claims in 
cognitive development and process skill acquisition as a 
result of students’ engagement in inquiry-oriented 
laboratory work. 

Summary of Qualitative Results 

In Chapter 5 under the concept domain, the results from 
all qualitative instruments showed that students had few 
problems understanding the main background concepts or the 
purpose of the experiments (Tables 10, 11, 13, 15), but 
results showed that students had difficulties with 


calculations (Tables 12, 14 and 16). 
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Pmethe sprocess ‘skill domain Tables <1:7 "to 26 show \(a) 
that students were performing satisfactorily a greater 
number of skills and at a higher level of inquiry than those 
involved in the original ALCHEM experiments, and (b) that 
students' scientific process skills had improved throughout 
the year. 

Results in the attitude domain strongly support the 
following conclusions: 

1. Students exhibited important positive attitudes towards 
inquiry-oriented laboratory work (Tables 29-32 and 
Appendices E,L,M, and N). 

2. Students perceived their work to be well done and were 
Satisfied with their laboratory performance (Tables 29, 
30, 32 and Appendices M and N). 

3. Students found the experiments challenging and 
interesting (Tables 27, 28, 31 and Appendix M). 

4, Students enjoyed their laboratory work (Tables 31, 56, 
58, 64-67, °72, 74-78; and Appendix nN). 

Other less substantiated conclusions were as follows: 

1. Students preferred designing their own experimental 
procedures rather than being told what to do (Table 30). 

2. Students would have liked to do more experiments in each 
of the units of the study (Table 29). 

3. Students preferred writing the three reports rather than 


only one because they perceived important pedagogical 
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benefits and believed the reports were marked fairly 
(Table 32). 

Students thought the teacher was contributing strongly 
to the success of the laboratory program (Tables 32, 56 
Comoe). 

Students by the end of the semester enjoyed being on 
their own while performing experiments (no longer 
wishing to work in pairs) and required little guidance 
from the teacher or the laboratory manual. 

Students did exhibit in their laboratory work scientific 


attitudes such as "honesty" and "respect for evidence." 


The degree of "certainty" regarding the above inferences and 


conclusions is variable, depending upon the number of 


experiments and instruments that were used to collect the 


data underpinning them. 


Summary of Discussion of Results 


The main purpose of the study is about inquiry teaching 


in the laboratory and its effect upon student performance in 


terms of (a) concept acquisition and application, (b) 


scientific process skill competence, and (c) display of 


scientific attitudes in experimental work and positive 


attitudes towards inquiry learning in the laboratory. 


Findings in each domain are summarized separately below. 
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Concept Development. The Chemistry 30 Achievement 
Test purportedly tested the higher level cognitive skills. 
Although it was not possible to show that pupils had 
improved in concept acquisition and ability to deal with 
course content at higher cognitive levels, it was possible 
to show that student performance in this domain did not 
suffer in spite of the extra time spent on inquiry. This 
Eending contradicts the eriticism that inquiry teaching is 
inefficient for learning because too much time is spent on 
introducing, developing, and practicing the processes of 
Scientific inquiry, causing concept development and subject 
matter asquisition to suffer (Ausubel, 1968). 

The final marks in the three laboratory reports, 
especially in the DR and Fr, indicate students understood 
the concepts involved. However, the correlation between Lab 
Reports and the Chemistry Achievement Test was found to be 
0.36 (Table 8). This low correlation is probably an 
indication that the Achievement Test is not meaSuring areas 
directly related to the laboratory work, since no questions 
on experiments were included in this test. 

The data indicate that students encountered problems in 
the concept domain, not all of them being totally resolved. 
In particular, students had difficulty with experiments 
requiring mathematical calculations. An average of 20% of 


the students professed this difficulty in the Laboratory 
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Qeustionnaires. However, the Laboratory Reports showed that 
an average of 26% of the class made calculation errors. 

This indicates that this aspect of the experimental work 
needs to be more guided especially in the initial stages of 
the laboratory program and in regard to experiments 
Pivetvang @ aiffticiuit concept me. g., Lab L2)” 

Process Skill Utilization. In earlier chapters it was 
argued that the teaching strategies employed in this study 
were considered to be at a high level of inquiry. Inquiry 
was defined in terms of scientific process skills with the 
level being dependent on the relative number of skills that 
had to be initiated by the student (Appendix A). The 
utilization of process skills was controlled in the main by 
the Revised ALCHEM 30 Experiments and the requirements of 
three laboratory reports. By listing the procedural steps 
in the Design report (DR) before going to the work bench on 
lab day, students had to demonstrate that they understood 
not only the purpose of the experiment but the manner in 
which the problem was to be solved. The Observation Report, 
to be completed before the end of the period, indicated to 
the teacher not only if data were correctly recorded but if 
students understood what data were needed. Most 
importantly, the data had to be consistent with the DR. The 
Final Report, the most difficult report for students, had to 


show how data were processed and how well the purpose of the 
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experiment had been achieved. 

All of the instruments except the Chemistry 30 
Achievement Test and TOSA contributed data which showed that 
students were able to perform the necessary scientific skill 
at a high level of- inquiry. Data from both research 
paradigms in this domain have produced results which are 
complimentary. Not only were students able to perform the 
necessary process skills but as the year progressed these 
Skills were observed by the teacher and perceived by the 
Students as improving. 

Display of Positive Attitudes. The five qualitative 
instruments produced data which indicate the display of 
positive attitudes by students towards the inquiry-oriented 
laboratory program. The majority of students found the 
experiments challenging, interesting and enjoyable. The 
majority of students expressed approval with almost every 
facet of the laboratory program: prelab sessions, designing, 
ordering, processing, writing reports (DR, OR, and FR), and 
marking reports. Upon comparing the type of laboratory 
experiment with experiments from previous years, students of 
this study were unanimous in stating their preference for 
the lesser guidance provided in the experiments used in this 
study. 

Pretest and post-test results of TOSA failed to measure 


significant improvement in the acquisition of scientific 
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attitudes. This may be primarily attributable to the lack 
of concentration on elements in the inquiry-oriented 
laboratory work which could improve student performance on 
the test. In the Kozlow and Nay model (1976), three 
components of scientific attitude are defined: cognition, 
intent, and action. TOSA purports to measure only the first 
two components. Kozlow and Nay claim that the action 
component must be assessed in the classroom or laboratory. 
Because of inherent difficulties, no attempt was made in 
this study to evaluate the action component rigorously. 
However, it is the belief of the investigator that the 
inquiry nature of the experiments and the teaching strategy 
employed in the laboratory program of this study have helped 


Students to develop the following attitudes: 


1. Appreciation for research methods: 


(a) Students experience the difficulty of design, 
collection of data and interpretation of 
results. 


(b) Students know that data collected with good 
precision are easier to process and lead to 
more meaningful results. 


(c) Students begin to prefer quantitative to 
qualitative results. 


2. Independence: 
(a) Students learn to act on their own when asked 
to design experiments and classify, order and 
data. 


(b) By not being able to seek aid from the teacher 
students learn to solve problems on their own. 
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Courage; 


(a) Students develop the attitude of not being 
afraid to make decisions which may lead to 
mistakes. 


(b) Making errors is accepted as a part of 
investigative activity and a valuable way 
of learning. 


Confidence: 


(a) Students develop confidence in their own 
problem solving abilities (e.g., by being 
required to hypothesize, make predictions 
and design experiments). 


(b) In the post lab discussion periods students 
become increaSingly more willing and competent 
to argue and defend their positions on the 
laboratory reports. 


Respect for evidence: 

(a) Students gain the realization that in the 
interpretation section of the lab report 
the explanations must agree with design 
and observations. 


(b) Statements had to be supported with facts. 


Interest in science: 


(a) Because of the greater freedom provided, 
students become more involved. 


(b) By finding experiments challenging, enjoyable 
and interesting, interest in Science is 
enhanced. 
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Conclusion 

This study has shown that students who participated in 
high level inquiry while in the laboratory were able to 
Satisfactorily exhibit specific content and concept 
development, a variety of scientific process skills and some 
desirable attitudes. These findings reflect a reality which 
Sanders and Schwab (1979) describe as complex and subtle, 
and which requires a combination of complementary research 
paradigms to understand it adequately. Consequently, two 
research paradigms were chosen for this study. The 
empirical-analytic paradigm provided valuable information 
but was not designed to allow the subtle and complex nature 
of human behavior to be recorded and evaluated. It was the 
Sltuational-interpretative research mode that provided 
information on the varied meanings, intents and attitudes 
that students experience in the educational process. 
Behaviour patterns were sought to understand the reality 
experienced by students in learning situations involving the 
laboratory. Some of these patterns resulted from the 
purpose of the chemistry program as modified for the study, 
while others were not so "preordained." A 
Situational-interpretative research paradigm must be 
sensitive to pick up both anticipated and unpredictable 
Student responses. Evidence presented in Chapter 5 


indicates that both types of student behavior were amply 
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monitored. 

Within a given paradigm there is a need to give 
attention to the validity and reliability of findings. 
Perhaps the easiest way to attend to this matter is to use 
more than one source of evidence for a given parameter. For 
this reason it was decided to use several distinct 
data-collecting modes for each domain of concern in the 
Study. The one exception, the use of a single instrument 
(TOSA) to measure scientific attitudes, demonstrates the 
wisdom of using multiple data-collecting channels. The pre 
and post-test results on TOSA showed significant student 
growth in the pilot study but not in the main one. AS a 
result the actual impact of inquiry-oriented laboratory 
beaching on Scientifiae attituderof;studentseremains:to be 
determined. 

The study provides considerable evidence for student 
growth in use of scientific process skills, including 
manipulation of laboratory equipment. However, evidence of 
Student growth in functioning at an increasing level of 
inquiry is not as clear cut. Data has been provided by 
means of the qualitative instruments which lead one to infer 
that indeed the students functioned with increasing ease at 
higher levels of inquiry as they progressed through the 
eleven experiments. Despite the evidence cited, there is a 


need for more definitive studies to settle this issue. 
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However, because of the complexity of the learning process, 
research may never be able to show convincingly that 
laboratory experiences of the type used in this study are 
responsible for achieving significant learning outcomes. 

But until the learning process is better understood, the 

science teacher can only continue to believe that the unique 

experiences of the inquiry-oriented laboratory are 
worthwhile. Studies such as the one described above give 
credible support to such a belief. 

This study also provides some practical directions for 
inguiry-oriented teaching based on laboratory activity. The 
teaching/learning strategies used are not the only ones 
possible, but if results similar to those obtained by the 
Students of this study are desired, then the following 
Suggestions must be considered: 

1. Early in the year students should be introduced to 
scientific process skills by means of a model such as 
the Inventory of Processes in Scientific Inquiry (Nay et 
al, Appendix C). Students need to be familiar with the 
major tenets of such an inventory and the relationship 
the processes will have with the experiments to be 
preformed. 

2. If the experiments in the original laboratory manual are 
highly structured, then some of the procedural steps in 


the manual must be removed and not be made available to 
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students. Depending on the philosophy of the teacher, 
new experiments may be necessary. The following 
guidelines are useful in determining what procedural 
steps (process skills) should be left to the student to 
initiate: (a) For the first experiments of the year, 
more guidance and structure are necessary; but as 
students become familiar with techniques and gain 
confidence guidance and structure are reduced. (b) 
Students should be encouraged to attempt unorthodox 
designs, even designs which the teacher suspects will 
fail. Let students learn from their mistakes. 

Providing a helpful hand or a hint in order to save time 
Or avoid trouble later does not permit students to learn 
from their mistakes. (c) Ready-made tables should never 
be made available and students should be encouraged to 
collect, order, classify, and tabulate data even early 
in the year. With experience students do not find these 
tasks GLiilicult. 

Evaluation of the laboratory work should focus on how 
students attempt to answer the problem based on their 
Stated designs and not on the percent error obtained. 
Although accuracy is always an important consideration, 
#o shoula not be the main one in this type of inquiry. 
Every experiment has open-ended possibilities and 


Students should attempt the open-ended exercise after 


yt? 


Debalitiiridn eZ 46 wigtess tag od? a cic hacines 
finelio? sat .iaarecen ‘pa teh 23 an sini 

Loxpbesorq Jali griininia sso af tuYseu agama 

ow jreberda aft 63 Stak od Bliods Cettite’ Sesstnl 
a its etasmt Tages yar12 ott 30% ta) 3 ar . 
| 2 ate ‘whobew sa e186 sau 20u7d8 adopeered™: 
ft “58 hag asupindee atin sist Fieay shored & 

(4) evupe? @fa eyesouvrse Son oanisbivp sna 
rots Sato ay tens1s o2 bap aiuoond ‘ad biuode 


7 


fiiw aioaqaee ferionad ods dsidw pene ea 
shagianm tiem? mor? niset ginebusa fox a 

aitis orpe of Aebeo at See w 40 wid fuiqied a ehikew | 
(3891 of 2a GebeetR 2 ‘akan Jon anor votnl sttuesy biow: 
<sver Bl word! eeleiay: oban-ybest (b) | lesdeee dar vied? 
3 $epatiiogne, 9d bfuwsde ‘etnebyse one 9fdsiisve 
tee aol 680 optus bare fire ,yiteeald a9ban “ia 
seeds GALS oem oe Laser demain 4atW a 


i 7 
pa 


we 


wed ao ese? 4 erie aatew | 
sisdy at hase: ; se ae vowand 03 esa ie ke 
.benisids isre snepig ons fe don sec 
dol terabiaded snesteqnd te ayswis at ‘pan ull [3 
‘viiepat Yo sage re re nian ofd” oh nae eh 
ia aot si Lidtateg Babaie~negs aed $n 7 ix sean eve | § : 


tssla eziozrexe 


Talal 


gaining the requisite conceptual and experimental 
background in such process skills as designing, ordering 
and tabulating. 


The prescribed laboratory manual should never become 


the "text" which must be diligently followed. The 


innovative teacher has few qualms about modifying, 


supplementing or eliminating existing procedures. To have 


students follow the highly structured laboratory manual to 


the letter is perhaps easier for both students and teacher 


but only the "appearance, but not the reality, of enquiry is 


provided" (Schwab, 1964). 


Implications for the Science Teacher 


The study shows that students can become independent 
inguirer ina laboratory program. They will need 
Suitable instructional materials, a coherent 
problem-solving model such as the Inventory of Processes 
in Scientific Inquiry (Nay et al, Appendix C), anda 
teacher who is knowledgeable about inquiry teaching and 
learning and committed to this approach. Also adequate 
operational conditions must be provided (e.g., 
manageable class size, scheduled time for laboratory 
work, adequate laboratory facilities, and time for the 
teacher for setting up the lab and marking). 

Emphasis on inquiry-oriented laboratory work need not 


penalize student achievement on external exams in which 
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only the conceptual domain is evaluated. 

3. Students are more motivated to work in an inquiry 
program because they find it more interesting and 
challenging. 

4. Students engaged in a chemistry course with emphasis on 
inquiry-oriented laboratory activity gain a better 
understanding of and feeling for the nature of chemistry 
than is provided by a didactic teaching approach. 

Recommendations for Further Research 
A number of significant questions are stated below 
which need to be researched, and very likely each question 


will require a multi-paradigmatic approach. 


1. Can the approach used in this study be used equally 


effectively in other grades and scientific disciplines? 


2. How does the ability level of the students in the class 
relate to the specific strategies used in inquiry- 
oriented laboratory work and to the effectiveness of 


this approach? 


Some writers have suggested that only gifted students 
benefit from an approach such as was used in this study. 
Other researchers claim that laboratory work is often a 


waste of time. 
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3. How should the science program be modified so that the 
action component of scientific attitude receive 


more directed emphasis? 


Clearly the action component of scientific attitudes 
is the most important of the three identified by Kozlow and 
Nay (1976). It iS necessary to determine ways of 
consciously incorporating ways of enhancing this 
component and assessing it comprehensively. Rigorous 
evaluative instruments must be developed for the valid 


aSSsessment Of SCIENtTLEIG etteitudes imeaction; 


4, What is the effect on pupil attitudes, process skill 
utilization and concept development if students in an 
inquiry laboratory program are permitted to work at 


their own pace? 


5. What are the significant pupil-teacher and pupil-pupil 


interactions in inquiry-oriented teaching activity? 


More research is needed to determine what happens 
during the three phases of laboratory work. This 
would cover such dimensions as the nature of teacher 


guidance, the difficulties encountered by students, how the 
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nature of the difficulties and guidance affect student 
attitudes towards ingquiry-oriented laboratory work, and the 


role of competition and cooperation. 


6. What are the outcomes in the domains of pupil attitudes, 
scientific process skill utilization and concept 
development if all aspects (not only the laboratory 


phase) of a science course are inquiry-oriented? 


Research on this question could also address such 
aspects as the effectiveness of each mode of teaching for 
development of competence in uSing scientific process 
skills, the optimum amount of time to be spent on laboratory 
activity, and student preferences for approaches in learning 


science. 
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TABLE 33 


Ll MOLAR HEAT OF A CHEMICAL CHANGE 


S= initiated by student, T= guidance provided by teacher and 
M= guidance provided by laboratory manual 


PROCESSES 


IDENTIFYING AND FORMULATING 
A. PROBLEM 

(a) speculating - 

(b) identifying variables 
(c) making assumptions 


Cd) delimiting problem 


SEEKING BACKGROUND INFORMATION 


(a) recalling experiences 
(b) doing literature researc 
(c) consulting people 


PREDICTING 
HYPOTHESIZING 


DESIGNING COLLECTION OF DATA 
(a) defining variables 

(b) defining experimenta 
(c) equipment and techniques 
(d) safety 
Ce) method 


COLLECTION OF DATA 

(a) setting up apparatus 

(b) performing experiment 
(c) modifying procedures 

(d) repeating experiment 

(e) recording data 


OBSERVING AND OBSERVATIONS 
(a) qualitative data 

(b) quantitative data 

(c) gathering specimens 

(d) graphical data 

(e) serendipity 

(f£) accuracy of data 

(g) reliability and validity 


ORGANIZING THE DATA 
(a) ordering 

(b) classifying 

(c) comparing 


COMMENTS 


ALCHEM] REVISED 
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ee Mass, vol., temperature 
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ignored 


rH 


ALCHEM 10 and_20 


pena Class notes 


( Must complete DR before 
going to the lab bench) 
choose acid, initial temp. 


librar 
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TABLE’ 733 (Cont'd) 7 


Rabi 2 


PROCESSES IALCHEM REVISED COMMENTS 


9. REPRESENTING THE DATA 
GRAPHICALLY 
(a) graphs, diagrams, ... 


(b) interpolating, . 
extrapolating 


Students decide which 
results to use 
Ma S>-—t 


test of significance 


provided 


10. TREATING THE DATA 
MATHEMATICALLY 
(a) calculating 
(b) using statistics 
(c) uncertainty of results 


ll. INTERPRETING THE DATA 
(a) explanation of data 
(b) generalization or 
inferences 
(c) assessing validity of 
predictions 


12. FORMULATING OPERATIONAL 
DEFINITIONS 
(a) verbal _ 
(b) mathematical 


13. EXPRESSING DATA IN THE FORM 
OF A MATHEMATICAL RELATIONSHIP 


14. INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


15. SEEKING FURTHER EVIDENCE TOs 
(a) increase confidence 
(b) test generalizability 


16. IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 
(c) inconsistencies in theor 


Different acid, base, and 
concentration suggested 


17. APPLYING THE DISCOVERED 
KNOWLEDGE 
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TABLE 34 
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L2 MOLAR HEAT OF VAPORIZATION 
S= initiated by student, T= guidance provided by teacher and 
M= guidance provided by laboratory manual 


~ PROCESSES ALCHEM| REVISED] 
IDENTIFYING AND FORMULATING 
(a) speculating M 
(b) identifying variables be ea 
(c) making assumptions oat 
(d) delimiting problem ner | aT 
SEEKING BACKGROUND INFORMATION 
(a) recalling experiences T 
(b) doing literature research [ [MM | 
(c) consulting people a ae ae i 
PREDICTING 
HYPOTHESIZING T 
DESIGNING COLLECTION OF DATA 
(a) defining variables 
(b) defining experimental step§ =[S | 
(c) equipment and techniques | $|T | 
(a) Safety (en ee) 
(e)<method for recording dataypio: PS.) | 
COLLECTION OF DATA 
(a) setting up apparatus S 
(b) performing experiment (en Ee 
(c) modifying procedures CSS as 
(d) repeating experiment CS Cae 
(e) recording data CE Sea 
OBSERVING AND OBSERVATIONS 
(a) qualitative data S 
(b) quantitative data Pt eee Se 
(c) gathering specimens Ce Cee! 
(d) graphical data [ae CS 
(e) Serendipity ee aloe 
(f) accuracy of data Se Eee 
(g) Treliapulitysand) valiateymnlmn:) ics | 
ORGANIZING THE DATA ey 
(a) ordering S 
(b) classifying [Se CE 
(c) Comparing a aa 


COMMENTS 


*This lab is not included 
in ALCHEM 30 


Initial volume of water 


Phase and K.E- changes 


Meaning of phase change 


(DR must be completed 
before going to work bench) 
initial temp, mass of H.,0 
Students design all steps 


Steam burns discussed 
Designs table 


Work in pairs 
Trial and errors to improve- 
Several repeats -results. 
Designs table 


(OR must be completed before 


end of lab period) 


Students experience 
many failures) 


(High percent error due to 
transfer of condensed steam 
instead of steam) 
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TABLE 9934 Feont ‘d) 9 


Lab L2 


‘PROCESSE JALCHEM [REVISED] COMMENTS 


9. REPRESENTING THE’ DATA 
GRAPHICALLY 
(a) graphs, diagrams, ... 


Cb) interpolating, 
extrapolating 


10. TREATING THE DATA 


MATHEMATICALLY 

(a) calculating (Many students fail to 
(b) using statistics consider the K.F. change 
(c) uncertainty of results -—_—_}-.§— along with the phase 


change) 
ll. INTERPRETING THE DATA 
(a) explanation of data 
(b) generalization or 
inferences 
(c) assessing validity of 
predictions 


(High percent error obtained 


for those who made error in 
concept 


12. FORMULATING OPERATIONAL 
DEFINITIONS 
(a) verbal 
(b) mathematical 


13. EXPRESSING DATA IN THE FORM 
OF A MATHEMATICAL RELATIONSHIP 


14. INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


15. SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 
(b) test generalizability 


16. IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 
(c) inconsistencies in theor 


17. APPLYING THE DISCOVERED 
KNOWLEDGE 
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TABLE “35 


~ PROCESSES 


IDENTIFYING AND FORMULATING 


Pie 

(a) 
Cb) 
(c) 
(d) 


SEEKING BACKGROUND INFORMATION 


Ca) 
Cb) 
Cc) 


PROBLEM 

speculating 
identifying variables 
making assumptions 
delimiting problem 


recalling experiences 
doing literature researc 
consulting people 


PREDICTING 


HYPOTHESIZING 


DESIGNING COLLECTION OF DATA 


(a) 
(b) 
Cc) 
(da) 
Ce) 


defining variables 

defining experimenta 
equipment and 
safety 
method 


techniques 


COLLECTION OF DATA 


(a) 
(b) 
(c) 
(d) 
Ce) 


setting up apparatus 

performing experiment 
modifying procedures 

repeating experiment 

recording data 


OBSERVING AND OBSERVATIONS 


(a) 
(b) 
(c) 
(d) 
Ce) 
(f£) 
(g) 


qualitative data 
quantitative data 
gathering specimens 
graphical data 
serendipity 

accuracy of data 
reliability and validity 


ORGANIZING THE DATA 


(a) 
(b) 
(c) 


ordering 
classifying 
comparing 


MOLAR HEAT OF PHASE CHANGE 


initiated by student, T= guidance provided by teacher and 
guidance provided by laboratory manual 


COMMENTS 


ALCHEM} REVISED 


i 


a 


Wass of ice 
Phase and K.E. change 
a San considered 


(DR had to be completed 
before going to the work 
bench) 


step SS Designs all steps 


ie (Many brought or constructed 


their own calorimeters) 


or recording data ——~ Designs table 


Works individuall 

Few changes 

Several times for- 
-reproducibility 


(OR had to be completed 
before end of period) 


Few difficulties encountered 


Good accuracy obtained 
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TABLE 35 (Cont'd) 


Lab L3 


REPRESENTING THE DATA 

GRAPHICALLY 

(a) graphs, diagrams, ... 

(b) interpolating, 
extrapolating 


TREATING THE DATA 
MATHEMATICALLY 

(a) calculating 

(b) using statistics 


(c) uncertainty of results 


INTERPRETING THE DATA 
(a) explanation of data 
(b) generalization or 
__inferences | 
(c) assessing validity of 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 
(a) verbal 


LCHEM [REVISED 


cp) 


___ COMMENTS 


2 ET 


(Most students do not 
repeat the same concept 
error as in Lab L2) 


(The class percent error 
is about 8.5%) 


Students distinquish 
between heat of reaction 
and molar heat 


(b) mathematical 


13. EXPRESSING DATA IN THE FORM 
OF A MATHEMATICAL RELATIONSHIP 


14. INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


15. SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 
(b) test generalizability 


16. IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 
(c) inconsistencies in theor 


17. APPLYING THE DISCOVERED 
KNOWLEDGE 


TOTAL NUMBER OF SUBSKILLS 
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TABLE 36 79 


Lab Ml ELECTROCHEMISTRY - AN INTRODUCTION TO REDOX 


Key 


S= initiated by student, T= guidance provided by teacher and 
M= guidance provided by laboratory manual 


. BRPPWROGESSES ALCHEM} REVISED} COMMENTS 
IDENTIFYING AND FORMULATING 
A. PROBLEM 
(a) speculating M M 
(b) identifying variables a a Metals, meltallic ions 


(c) making assumptions aia 
(d) delimiting problem a— 


SEEKING BACKGROUND INFORMATION 
(a) recalling experiences 


(b) doing Literature researc 
(c) consulting people 


ae ae students predict a 
PREDICTING ‘ 
a P metal would not react with 
HYPOTHESIZING M M its own aqueous ion) 
(DR had to be completed 
DESIGNING COLLECTION OF DATA jf} before going to the lab bench) 
(a) defining variables bee S Metals and ions 


4 BK 


(b) defining experimental step Defines all steps 
(c) equipment and techniques oe 
(d) safety 


(e) method for recording data er Designs table 


COLLECTION OF DATA 
(a) setting up apparatus 


(b) performing experiment “ESS Works individually 


(c) modifying procedures Oe) les 5 Tew probleme 


(d) repeating experiment 
Ce) recording data 


~ 
‘o) 
@ 
n 
3 
[e) 


provided 


(OR had to be completed 


S N 
OBSERVING AND OBSERVATIONS Becoreenisocnlap period) 


(a) qualitative data 

(b) quantitative data 

(c) gathering specimens 

(d) graphical data 

(e) serendipity 

(£) accuracy of data 

(g) reliability and validity 


(Few difficulties 
encountered ) 


ORGANIZING THE DATA 
(a) ordering 

(b) classifying 

(c) comparing 
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TABLE §36-" (Cont'd) = 


Lab Ml 
___JALCHEM JREVISED 


PROCESSES COMMENTS 


REPRESENTING THE’ DATA 

GRAPHICALLY 

(@)) ‘eraphs, diagrams... 

(b) interpolating, 
extrapolating 


TREATING THE DATA 
MATHEMATICALLY 

(a) calculating 

(b) using statistics 

(c) uncertainty of results 


INTERPRETING THE DATA 
(a) explanation of data 
(b) generalization or 


(Few students can order 
their data so as to be able 


inferences to predict a spontaneous 
(c) assessing validity of reaction) 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 

(a) verbal 

(b) mathematical 


EXPRESSING DATA IN THE FORM 
OF A MATHEMATICAL RELATIONSHIP 


INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 
(b) test generalizability 


IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 


(c) inconsistencies in theor 


APPLYING THE DISCOVERED 
KNOWLEDGE 
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ELECTROCHEMISTRY - SPONTANEOUS REACTIONS 


S= initiated by student, T= guidance provided by teacher and 
M= guidance provided by laboratory manual 


_____ PROCESSES ALCHEM| REVISED] COMMENTS 
IDENTIFYING AND FORMULATING 
A. PROBLEM ‘This experiment is not 
(a) speculating ae included in ALCHEM 30 
(b) identifying variables _ See (Reagents were labelled 
Cc) making assumptions 1M __falgebraically A, B, C, and 
(d) delimiting problem aa oy 
SEEKING BACKGROUND INFORMATION +1 
(a) recalling experiences S Experiences from Lab Ml 
(b) doing literature researc a ALCHEM notes 
(c) consulting people |S, T  |Color tests were provided 
PREDICTING 
HYPOTHESIZING 
(DR had to be completed 

DESIGNING COLLECTION OF DATA before going to work bench) 
(a) defining variables Reagents were unknown 
(b) defining experimenta ee rps perine all steps 
(c) equipment and techniques 
(d) safety 
(e) method for recording data ——EE ens table 
COLLECTION OF DATA 
(a) setting up apparatus S 
(b) performing experiment i) 3S Works individual? 
(c) modifying procedures | |S [Few changes 
(d) repeating experiment eee Only when anomalies arose 
Ce) recording data 

OR had to be completed 
OBSERVING AND OBSERVATIONS ga before end of lab period) 
(a) qualitative data Students found the color 
(b) quantitative data Pirro fh Be-vwmef-beas ts confusing 
(c) gathering specimens PSs 
(d) graphical data Tieanerena eee, 
(e) serendipity a ee 
(f) accuracy of data _ a Saas 
(e) reliability and validatyie wo f°. ad 
ORGANIZING THE DATA ag 
(a) ordering S (Once the reagents were 
(b) Classifying pvnmenmenne fim enerenenia Lassified~as-OA~and-RA 
(c) Comparing | = ti(itrdT se Lassifying was similar to 
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TABLE 37 (Cont'd) 198 


Lab M2 


PROCESSES [REVISED} __—————s COMMENTS 


: 


REPRESENTING THE DATA 

GRAPHICALLY 

(a) eraphs, diagrams, ... 

(b) interpolating, 
extrapolating 


TREATING THE DATA 
MATHEMATICALLY 

(a) calculating 

(b) using statistics 

(ec) uncertainty of results 
The relative strengths of 
OA and RA were obtained 
from ordered data 


INTERPRETING THE DATA 

(a) explanation of data 

(b) generalization or 
inferences 

(c) assessing validity of 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 

Ca) verbal 

(b) mathematical 


EXPRESSING DATA IN THE FORM 
OF A MATHEMATICAL RELATIONSHIP 


INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


(The relationships found 
in Lab M2 were applied to 
this experiment) 

SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 

(b) test generalizability 


IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations <i 
(c) inconsistencies in theor Other species tested (Mg 
& Brz) appeared to be 
APPLYING THE~DISCOVERED inconsistent 
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M3 REDOX TITRATION 


S= initiated by student, T= guidance provided by teacher and 
M= guidance provided by laboratory manual 


"| aut PROCESSES ALCHEM] REVISED] COMMENTS 
IDENTIFYING AND FORMULATING 
A. PROBLEM 
(a) speculating M 
(b) identifying variables oe (Concentration of Mn07, 
(c) making assumptions HeSsjemesy from Part A) 


(d) delimiting probiem 


E cusneoed (mmaieananl 
SEEKING BACKGROUND INFORMATION 
(a) recalling experiences M S 
Le ae 
T 


(b) doing literature research 


(ec) consulting people a ha 
PREDICTING | M M, S | 
HYPOTHESIZING M M.S (DR--Part B only--had to 
be completed before going 
DESIGNING COLLECTION OF DATA to work bench. Part A 
(a) defining variables M S design was given) 
(b) defining experimental step§ Defines all steps in Part B 
(c) equipment and techniques Similar to Part A 
(a) safety 


(e) method for recording data [ae ama Designs table 


COLLECTION OF DATA 
(a) setting up apparatus 


S S 
(b) performing experiment Works individually 
| AS | ae 


(c) modifying procedures 


(d) repeating experiment Repeated at least 3 times 
Ce) recording data ables not provided 
OBSERVING AND OBSERVATIONS SO ESE a Ne Meer le 
Gay rhidinvetive tats S before end of lab period) 
(b) quantitative data == (Buret readings, not 

(c) gathering specimens eof Sp VOLUMES,—had. tobe 

(d) graphical data onan» | ¢ ~~~ BECORdEed.,)~ 


(e) Serendipity 
(f) accuracy of data 
(g) reliability and validity 
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ORGANIZING THE DATA ag 
(a) ordering M S 
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(b) classifying 
(c) comparing 
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TABLE 33 (Cont'd) 


Lab M3 
___PROCESSES - j ALCHEM JREVISED]_ __ COMMENTS 
REPRESENTING THE DATA 
GRAPHICALLY 
(a) graphs, diagrams, ... 
(b) interpolating, 
extrapolating 


TREATING THE DATA 
MATHEMATICALLY 

(a) calculating : 

(b) using statistics 

(c) uncertainty of results 


Stoichiometry was 
difficult for some 
students 


(Lab manual stated what 
INTERPRETING THE DATA data had to be processed) 
(a) explanation of data 
(b) generalization or 
_inferences 
(c) assessing validity of 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 

Ca) verbal 

(b) mathematical 


EXPRESSING DATA IN THE FORM 
OF A MATHEMATICAL RELATIONSHIP 


INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 
(b) test generalizability 


IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 
(c) inconsistencies in theor 


APPLYING THE DISCOVERED 
KNOWLEDGE 
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ELECTROCHEMICAL CELLS 
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initiated by student, T= guidance provided by teacher and 


PROCESSES 


IDENTIFYING AND FORMULATING 


Ate 

Ca) 
(b) 
Cc) 
(d) 


SEEKING BACKGROUND INFORMATION 


Ca) 
(b) 
Cc) 


PROBLEM 

speculating 
identifying variables 
making assumptions 
delimiting problem 


recalling experiences 
doing 
consulting people 


PREDICTING 


HYPOTHESIZING 


DESIGNING COLLECTION OF DATA 


(a) 
(b) 
(c) 
(da) 
Ce) 


defining variables 
defining experimenta 
equipment and techniques 
safety 


method for recording data 


COLLECTION OF DATA 


€a) 
(b) 
Coy) 
(d) 
Ce) 


setting up apparatus 

performing experiment 
modifying procedures 

repeating experiment 

recording data 


OBSERVING AND OBSERVATIONS 


(a) 
Cb) 
(c) 
(d) 
Ce) 
(£) 
(g) 


qualitative data 
quantitative data 
gathering specimens 
graphical data 
serendipity 

accuracy of data 
Teliability and validity 


ORGANIZING THE DATA 


(a) 
(b) 
(c) 


ordering 
classifying 
comparing 


literature research 


step$ 


guidance provided by laboratory manual 


ALCHEM} REVISED 
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COMMENTS 


(DR had to be completed 


before going to work bench) 


Designs table 


Pb, Ag cells also tested 
VIVM used instead of 
student meters on repeats) 


(OR had to be completed 
before end of the period) 
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TOTAL NUMBER OF SUBSKILLS 


INITIATED BY STUDENT 


TABLE 39 (Cont'd) 
Lab M4 


[REVIS 


eal 
oO 


WM Voces 


REPRESENTING THE DATA 

GRAPHICALLY 

(a) graphs, diagrams, ... 

(pb) internolating, °~ 
extrapolating 


TREATING THE DATA 
MATHEMATICALLY 

(a) calculating _ 

(b) using statistics 

(c) uncertainty of results 


INTERPRETING THE DATA 

(a) explanation of data 

(b) generalization or 
inferences 

(c) assessing validity of 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 

(a) verbal _ 

(b) mathematical 


EXPRESSING DATA IN THE FORM 
OF A MATHEMATICAL RELATIONSHIP 


INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 
(b) test generalizability 


IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 
(c) inconsistencies in theor 


APPLYING THE DISCOVERED 
KNOWLEDGE 
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~ COMMENTS 


(Students have to account 
for the differences in 
EMF's predicted and 
observed) 
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N1 BRONSTED-LOWRY REACTIONS 
S= initiated by student, T= guidance provided by teacher and 
M= guidance provided by laboratory manual 


PROCESSES ALCHEM] REVISED COMMENTS 
IDENTIFYING AND FORMULATING 
A. PROBLEM 
(a) speculating M M 
(b) identifying variables ee 
Cc) making assumptions M 
(d) delimiting problem 
SEEKING BACKGROUND INFORMATION 
(a) recalling experiences M M 
(b) doing literature research 
(c) consulting people 
PREDICTING S S 
HYPOTHESIZING M M 
DESIGNING COLLECTION OF DATA Ore es chan B benny 
(a) defining variables M M Sa fa eeegerat caer 
(b) defining experimental step 
(c) equipment and techniques 
(d) safety TT 


(e) method for recording data 


COLLECTION OF DATA 


(a) 
(b) 
(c) 
Cd) 
Ce) 


setting up apparatus 
performing experiment 
modifying procedures 
repeating experiment 
recording data 


OBSERVING AND OBSERVATIONS 


(a) 
(b) 
Ce) 
(d) 
Ce) 
(f£) 
Cg) 


qualitative data 
quantitative data 
gathering specimens 
graphical data 


serendipity 


accuracy of data 
Teliability and validity 


ORGANIZING THE DATA 


(a) 
Cb) 
(c) 


ordering 
classifying 
comparing 


(Additional species 


(OR must be completed 
before end of lab period) 


Unexpected results lead 
to further discussion 


Predictions and observa- 
tions have to be ordered, 
and classified 
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(Cont 'd) 


Lab Nl 


PROCESSES 


REPRESENTING THE DATA 

GRAPHICALLY 

(a) graphs; diagrams; .%'. 

(b) interpolating, 
extrapolating 


TREATING THE DATA 
MATHEMATICALLY 

(a) calculating 

(b) using statistics 

(c) uncertainty of results 


INTERPRETING THE DATA 

(a) explanation of data 

(b) generalization or 
inferences 

(c) assessing validity of 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 

(a) verbal 

(b) mathematical 


EXPRESSING DATA IN THE FORM 


OF A MATHEMATICAL RELATIONSHIP 


INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 
(b) test generalizability 


IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 
(ec) inconsistencies in theor 


APPLYING THE DISCOVERED 
KNOWLEDGE 


TOTAL NUMBER OF SUBSKILLS 


INITIATED BY STUDENT 


ALCHEM {REVISED | COMMENTS 


Students have to distinq- 
S uish between obsevations 
and interpretations 
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TABLE 4] 3 


Lab N2 STANDARDIZATION TITRATION 


Key: S= initiated by student, T= guidance provided by teacher and 
M= guidance provided by laboratory manual 


PROCESSES sd ALCHEM] REVISED] COMMENTS 


1. IDENTIFYING AND FORMULATING 
A. PROBLEM 
(a) speculating M M 


(b) identifying variables 
oberon 


(c) making assumptions 
(d) delimiting problem 


M 
i (ae 
2. SEEKING BACKGROUND INFORMATION 
(a) recalling experiences M S Lab M3 
3h 
eT bie 


(b) doing literature researc ALCHEM and library 


(c) consulting people | | : 
3. PREDICTING 
4. HYPOTHESIZING 
(DR had to be completed 
5. DESIGNING COLLECTION OF DATA before going to work bench) 
(a) defining variables M S 
(b) defining experimental step$ wy [5s | Designs all steps 
(c) equipment and techniques 
(a) Safety 
Ce) method for recording data Designs format 


6. COLLECTION OF DATA 
(a) setting up apparatus 
(b) performing experiment 
(c) modifying procedures — 
(d) repeating experiment 
(e) recording data 


(OR had to be comleted 


7. OBSERVING AND OBSERVATIONS : 
before end of lab period) 


(a) qualitative data 

(b) quantitative data 

(c) gathering specimens 

(d) graphical data 

(e) serendipity 

(£) accuracy of data 

(g) reliability and validity 


Students have to obtain 
less than 10% error 


8. ORGANIZING THE DATA 
(a) ordering 
(b) classifying 
(c) comparing 
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17. 


PROCESSES _ 


REPRESENTING THE DATA 

GRAPHICALLY 

(a) @bapps, diagrams, .- 

(b) interpolating, 
extrapolating 


TREATING THE DATA 
MATHEMATICALLY 

(a) calculating 

(b) using statistics 

(ec) uncertainty of results 


INTERPRETING THE DATA 

(a) explanation of data 

(b) generalization or 
inferences 

(c) assessing validity of 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 

(a) verbal 

(b) mathematical 


EXPRESSING DATA IN THE FORM 


OF A MATHEMATICAL RELATIONSHIP 


INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 
(b) test generalizability 


IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 
(c) inconsistencies in theor 


APPLYING THE DISCOVERED 
KNOWLEDGE 


TOTAL NUMBER OF SUBSKILLS 


INITIATED BY STUDENT 


41 


(Cont'd) 


Lab N2 


[ALCHEM JREVISED] 
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COMMENTS 


From balanced net equation 
students have tg find 
LHCL I = 2enCCo Vo1l(HC1) 
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Lab N3 TITRATION - NH3 


Key: S= initiated by student, T= guidance provided by teacher and 
M= guidance provided by laboratory manual 


PROCESSES [ ALCHEM] REVISED COMMENTS 


1. IDENTIFYING AND FORMULATING 
A. PROBLEM 
(a) speculating 
(b) identifying variables 
(c) making assumptions _ 
(d) delimiting problem 


2. SEEKING BACKGROUND INFORMATION 
(a) recalling experiences 
(b) doing literature researc 
(c) consulting people 


Lab M3 and Lab N2 


3, PREDLCTING 


4. HYPOTHESIZING (Must complete the DR 


before going to the lab 


5. DESIGNING COLLECTION OF DATA 
bench) 


(a) defining variables 
(b) defining experimental step} 
(c) equipment and techniques 
(d) safety 
(e) method for recording data Designs format 
6. COLLECTION OF DATA 
(a) setting up apparatus 
(b) performing experiment 
(c) modifying procedures 
(d) repeating experiment 
(e) recording data 


OR must be completed 
before end of lab 
period) 


7. OBSERVING AND OBSERVATIONS 
(a) qualitative data 
(b) quantitative data 
(c) gathering specimens 
(d) graphical data 
(e) serendipity 
(£) accuracy of data 
(g) reliability and validity 


Percent error had to be 
less than 84 


nin ninln Zzizlnlnin efypepelz ml xd x x dl [el ic 
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8. ORGANIZING THE DATA 
(a) ordering 
(b) classifying 
(c) comparing 
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Lab: NS 


PROCESSES ___JALCHEM [REVISED] COMMENTS 


REPRESENTING THE DATA 
GRAPHICALLY 

(a) graphs, diagrams, ... 
(b) interpolating, 


extr rapolating were 


TREATING THE DATA 
MATHEMATICALLY 
(a) calculating 


(b) using statistics 
(c) uncertainty of results 


From balanced net equation 
students have to determine 
NH = [HCl {(Vol- BO 


Students have to show that 
pH at the end point is 
within the pH range of the 
indicator used 


INTERPRETING THE DATA 

(a) explanation of data 

(b) generalization or 
inferences 

(c) assessing validity of 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 

(a) verbal 

Cb) mathematical 


(b) test generalizability 


IDENTIFYING NEW PROBLEMS FOR 
INVESTIGATIONS BECAUSE OF: 
(a) effect of new variables 
(b) unexpected observations 


(c) inconsistencies in theor 


APPLYING THE DISCOVERED 
KNOWLEDGE 


TOTAL NUMBER OF SUBSKILLS 


INITIATED BY STUDENT 


i 
an 
ae ea 

EXPRESSING DATA IN THE FORM 

OF A MATHEMATICAL RELATIONSHIP 

INCORPORATING THE NEW 

DISCOVERY INTO THE EXISTING 

THEORY 

SEEKING FURTHER EVIDENCE TO: 

Ca increase confidence 
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COMMON ION EFFECT 


209 


initiated by student, T= guidance provided by teacher and 
guidance provided by laboratory manual 


PROCESSES 


IDENTIFYING AND FORMULATING 


Ae 

(a) 
(b) 
Ce) 
(d) 


SEEKING BACKGROUND INFORMATION 


(a) 


(b) doing literature researc 


Ge) 


PROBLEM 

speculating 
identifying variables 
making assumptions 
delimiting problem 


recalling experiences 


consulting people 


PREDICTING 


HYPOTHESIZING 


DESIGNING COLLECTION OF DATA 


(a) 
(b) 
Gey) 
(d) 
Ce) 


defining variables 
defining experimenta 
equipment and techniques 
safety 


method for recording data 


COLLECTION OF DATA 


(a) 
(b) 
Cc) 
Cd) 
Ce) 


setting up apparatus 
performing experiment 
modifying procedures — 
repeating experiment 
recording data 


OBSERVING AND OBSERVATIONS 


(a) 
Cb) 
Cc) 
(d) 
Ce) 
(f£) 
Cg) 


qualitative data 
quantitative data 
gathering specimens 
graphical data 
serendipity 

accuracy of data 
reliability and validity 


ORGANIZING THE DATA 


(a) 
(b) 
(c) 


ordering 
classifying 
comparing 


ALCHEM 


” 
ct 
i) 
co 


Cp) 


COMMENTS 


“This experiment is not 


included in ALCHEM 30 


The problem had to be 
identified 


An Inventory of Processes 
in Scientific Inquiry 
ALCHEM and Library 


(DR had to be completed 
before going to work 
bench) 
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7) 
he 
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p 
7) 
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(OR had to be completed 
before end of the period) 
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TOTAL NUMBER OF SUBSKILLS 


INITIATED BY STUDENT 
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Lab N4 
PROCESSES __ __JALCHEM[REVISED) ss COMMENTS 
REPRESENTING THE DATA | : 
GRAPHICALLY 


ha.) graphs 2 diagrams 9 eee 
(b) interpolating, 
extrapolating 


TREATING THE DATA 
MATHEMATICALLY 

(a) calculating 

(b) using statistics 

(c) uncertainty of results 


ae 


Le Chatelier's Principle 
or equilibrium constant 
method had to be used 


INTERPRETING THE DATA 

(a) explanation of data 

(b) generalization or 
inferences 

(c) assessing validity of 
predictions 


FORMULATING OPERATIONAL 
DEFINITIONS 

(a) verbal 

(b) mathematical 


EXPRESSING DATA IN THE FORM 
OF A MATHEMATICAL RELATIONSHIP 


INCORPORATING THE NEW 
DISCOVERY INTO THE EXISTING 
THEORY 


SEEKING FURTHER EVIDENCE TO: 
(a) increase confidence 
(b) test generalizability 
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IDENTIFYING NEW PROBLEMS FOR 
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(a) effect of new variables 
(b) unexpected observations 


(c) inconsistencies in theor 
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CHEMISTRY 30 - LABORATORY INVESTIGATIONS 


PREFACE 


In laboratory work the student may be given varying amounts of 
instruction or guidance by the laboratory manual and by the teacher. 
In Chemistry 30 you will be doing experiments in which you will have 
to do more of the planning such as designing experimental steps, 
tabulating observations, and interpreting data. The first labor- 
atory experiment in each unit will contain considerable direction, 
but in subsequent experiments you will be given less guidance. 
Indeed, this year, one of the major objectives of the laboratory work 
is to learn how to use such scientific process skills as designing 
experimental steps, tabulating observations and interpreting data. 
This is not necessarily easy to do, but you will probably never learn 
these important skills if you are not given the opportunity. 


In each experiment you will be given a problem (PURPOSE), and 
in order to solve the problem you will require background infor- 
mation, some of which will be provided in ALCHEM, some in the classroon, 
and some in the PRELAB INFORMATION. 


The laboratory report, explained in greater detail on the next 
page, consists of three parts: Design, Observation and Final Reports. 
The Design Report is due at the beginning of the laboratory period, 
the Observation Report is due at the end of the period, and the Final 
Report within two days. 
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LABORATORY REPORTS 214 
DESIGN REPORTS (DR) ( 5 marks ) 


The DR should be original and within the limitations given. 
Experimental steps are to be expressed both quantitatively and 
qualitatively. 

Quantitative statements are to be expressed to the correct number 
of significant figures. These are dictated by the limitations of 
the equipment. 


OBSERVATION REPORT (OR) ( 5 marks ) 


The OR must show evidence of organization and structure. 

Data are to be tabulated (matrix, heading, subheadings, etc.) 

Each trial or experiment is to labelled. 

Recorded data are to be consistent with the DR. 

Data are to be expressed to the correct number of significant 
digits. 

Changes in experimental procedure different from the design should 
be included at the end or on the back of the OR. 


FINAL REPORT (FR) ( 10 marks ) 


This report is an interpretation of your data and an assess- 
ment of the extent to which the purpose of the experiment was 
achieved. Specifically, the report should include the following: 


1. Equations for all reactions 

2. Answers to all questions in the exercises of the experiment 

3. Calculations for each trial including sources and amount of 
error 

4. Only a single determination which should be an average value 
for all trials 

5. Only a single per cent error based on the average determination 
and the accepted value, whenever possible 

6. A brief outline of all formulas (including units for each 
symbol) and principles underlying the experiment (Theory) 


The interpretation should include a discussion of findings: 
explanation, generalization, validity of assumptions, delimita- 
tion, omissions, and general comments about the quality of your 
work. 


Design steps and recorded data need not be included in this 
report since these are in the DR and OR. 
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215 
SAFETY AND EFFICIENCY IN THE CHEMISTRY LABORATORY 


Every student should know where the following are located: 
(When to use and how to use will be explained in class). 


a) Fire extinquisher (next to main blackboard) 

b) First-aid Kit (above paper towel dispenser) 

c) Safety goggles (last drawer next to NW door) 

d) Eye wash bottle (inside of Chemical Storage Room door) 

e) Rubber bands for long hair (inside of C.S.R. door) 

f) Sodium bicarbonate NaHCO, for acid burns and spills (outside 
of, €.8.R. door) 

g) Boric acid solution for base burns and spills (outside of 
Cio. dOOr) 


Check wall charts for the use of bunsen burner, balance, 
pipet, and correct boiling techniques. 


Broken glass is to be placed in the metal garbage cans. The 
plastic containers are to be used for all other insoluble wastes. 


All students are to wear safety goggles if there is a danger to 
the eyes. 


All students will wear protective clothing during every lab 
session. (Lab coats, jackets, or oversize white Re 


Chemical spills on face or hands should be flushed immediately 
with plenty of water. (Li, Na, K, etc. are, of course, exceptions) 


Students in Grades X and XI are not to remove equipment from lab 
Boxes A or E. Grade XII students are not to remove equipment 
from Lab/ BoxesOBy 7Cc,eor D-. 


No solid materials are to be put down the sinks. (e.g. matches, 
cotton batting, broken glass, etc.) 


Students are to clean up after each lab. The work area should 
not be cluttered with test-tubes, racks, beakers, graduate 
cylinders, etc. 


Students working next to sinks are responsible for cleaning them 
after each lab period. Special cleaning materials are available 
for difficult stains. 


Lab boxes are to be locked after each lab period. 
Students are not permitted into the Chemical Storage Room. 


Asbestos pads and large retort stands are to be left out on the 
laboratory tables while all other materials should be stored. 


The chemical balances should not be moved about (otherwise they 
must be recalibrated), nor should any chemical be placed directly 
on the pans (always tare). Please return the weights. 
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LAB Ll 


MOLAR HEAT OF A CHEMICAL CHANGE 


PURPOSE: 

To determine the molar heat of a chemical reaction. Specifically, 
you are to measure experimentally the molar heat of reaction for NaOH 
in the neutralization reaction with one of the strong acids avail- 
able (H,S0) 5 HNO, or HCl), 

PRELAB INFORMATION AND BACKGROUND THEORY: 

Before attempting lab Ll laboratory exercise the following pre- 

lab information must be covered. (classroom, library, Alchem home- 


work, etc.) 


a. laws of thermodynamics, p. L6 

bid luspecific cheatu( qs I 

Ce -m-c-At change, p. L8, L9, L16 

d. molar heat of a chemical change, pL1i5, L16 
e. use of a calorimeter 


£. use and limitations of measuring instruments 


+ 

i) graduate cylinder - 0.1 ml 
+ 

ii) thermometer - Oslne. 
+ 

fii) ‘balance (Rm 172) - 0.01 g 


The Section on Molar Heats of Reaction of page L16 explains how 
to measure the energy released or absorbed during a chemical change. 
In this experiment the amount of energy produced by the neutralization 
is determined by calculating the heat energy change (m-c-At) of the 
resultant mixture of acid and base. In other words, it is not neces- 
sary to put water in the calorimeter at the outset; but, rather, 
the salt solution produced by the neutralization of the acid and 
base is the water in the calorimeter (page L16). 

The heat of reaction will be measured for the neutralization of 
1.0 mol/L acid with 50 ml of 1.0 mol/L NaOH using two nested 
styrofoam cups as a simple but efficient calorimeter. The heat 


produced by the neutralization reaction will heat a measured amount 
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LAB Ll 


of aqueous solution in the calorimeter. Unless directed otherwise 
by the teacher, the assumption is made that small losses to the 
calorimeter, air and the thermometer will be ignored. Also assume 
that the solutions used and produced have a specific heat of 


4.19J/g°C and a density of 1.00 g/mL 


PRELAB EXERCISES: 

a) Write balanced chemical equations for the reactions between the 
Substances you have chosen. Use simplest whole number coeffi- 
cients. 


b) Calculate the volume for each species you intend to use. 


MATERIALS: 

The following are available: (Other materials are permitted 
if available and can be safely used.) 

Styrofoam cups 

NaOH 3g) 1.0 moLyL 

H.SO 1.0 mol/L 


7 AGady) 
HNO 3 ¢3q) 1.0 mol/L 


HCL 1.0 mol/L 
(aq) / 
Celsius thermometers 


PROCEDURE AND OBSERVATIONS: 
Design and perform an experiment which will enable you to 
measure the amount of heat produced per mole of NaOH during the 


neutralization of this base with any strong acid listed above, 


CALCULATIONS : 

1. Calculate the molar heat of reaction for Saas Show all work. 

2. Calculate the % error. (The accepted value for NaOH for this 
neutralization reaction is -57k}/mol.) 


3. Determine the molar heat of reaction for water and H.SO 


2° dag) 


this neutralization reaction. 


INTERPRETATION: 
See bottom of p.2, Laboratory Reports. 
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LAB L2 


MOLAR HEAT OF VAPORIZATION 


To calculate the molar heat of vaporization of water. 


PRELAB INFORMATION: 


Heat distilled water in alargetest tube until it boils. Do 
not connect the delivery tube to the calorimeter during the 
boiling process. Once steam is being generated, connect the 
tube to the calorimeter with the thermometer in place and 
continue boiling until the temperature of the calorimeter 
water increases. At this point carefully remove the tube 
feeding the calorimeter and record the maximum temperature of 
the water in the calorimeter, stirring constantly with the 
thermometer. Other safety precautions will be given on lab 
day. 


MATERIALS: 
See page 6 for a diagram of the apparatus. 
PROCEDURE: 
Design an experiment to measure the molar heat of vaporization 
of water. Take into account the instructions under 'Prelab 
Information" and the diagram on page 6. 
CALCULATIONS: 
Compute the molar heat of vaporization of water, compare with 
the value in the Data Sheet and determine the percent error. 
INTERPRETATION: 


See bottom of page 2 of Laboratory Reports in this manual. 
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LAB L2 


MOLAR HEAT OF VAPORIZATION APPARATUS 


Stacked 
styrofoam 
cups 


pinch clamp 


InsulatJon 


4 
CALORIMETER 
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LAB L3 


MOLAR HEAT OF A PHASE CHANGE 


PURPOSE: 


To determine the molar heat of melting for water. 


PRELAB INFORMATION AND BACKGROUND THEORY: 


In this lab you are trying to discover an experimental value for the 
molar heat of melting (fusion) for water. 


The molar heat of fusion of ice, which is an example of the molar 
heat of a phase change, is the amount of heat required to melt one mole 
of ice without a temperature change. It is not necessary to use exactly 
one mole of ice to find this change. In this lab one ice cube will do 
nicely. Of course its mass will have to be determined. Also, the ice 
cube will melt faster if it is crushed and less heat will be absorbed 
from the environment. 


Calorimeters are used to measure the amount of heat absorbed or lost 
during an energy change. In this experiment the styrofoam cup is the 
insulated container. A known mass of water is placed in the cup and its 
temperature is recorded. The ice will have to be dropped into the cup, 
so allow sufficient space for the ice. The temperature of the water 
should be adjusted so that its temperature is a little higher than room 
temperature, (say, 30° C) Why? 


The details of how you are to manage these procedures is left up to 
you. Be specific and especially quantitative. Just remember anyone 
reading your directions should be able to duplicate your results. This 
will require some careful design on your part so that on lab day things 
will go smoothly. However, while performing the experiment if you realize 
that your design is not sound, stop and modify it. Make sure you record 
all changes. 


MATERIALS: 

You may use any material or apparatus in your laboratory boxes or 
any materials which are available in the chemical stores (these must be 
determined beforehand and be approved by the teacher). 


PROCEDURE? 
State the experimental steps you intend to use. Be specific about 
data collected, i.e., state mass, temperature, etc. 


CALCULATIONS: 
Calculate the molar heat of fusion of ice. 


INTERPRETATION: 
1. State to what extent the purpose was achieved 


2. Discuss how you can improve the value you obtained. 
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ELECTROCHEMISTRY - AN INTRODUCTION TO REDOX 


PURPOSE: 

1. To determine experimentally whether or not a reaction occurs when 
certain metals are placed in aqueous solutions containing certain 
metallic ions. 

2. To compare the relative tendencies of metals to react with metallic 
ions in aqueous solution and conversely to compare the relative 
tendencies of metallic ions in aqueous solution to react with metals. 

PRELAB INFORMATION AND BACKGROUND THEORY: 

Chemical reactions which occur on their own, without the input of 
additional energy, are termed spontaneous. In this lab it is determined 
experimentally whether certain single replacement reactions are spontaneous 
or nonspontaneous. In each of the following situations write balanced 
equations to represent the reaction expected. Use subscripts to indicate 
the state of matter of each species. All the metal strips are free of 
oxides and all the solutions are aqueous. See ALCHEM 20 Unit I and 
Review Unit K for writing net ionic equations. 

1. A copper strip is placed in a solution of lead (II) nitrate. 

2. <A copper strip is placed in a solution of silver nitrate. 

3. A zinc strip is placed in a solution of copper (II) nitrate. 

4. <A zinc strip is placed in a solution of lead (II) nitrate. 

5. A zinc strip is placed in a solution of silver nitrate. 

6. A lead strip is placed in a solution of copper (II) nitrate. 

Te Athead)stripasais placed inca solkutionsof: zine nitrate. 

8. A lead strip is placed in a solution of silver nitrate. 

9. A silver strip is placed in a solution of copper (II) nitrate. 


10. A silver strip is placed in a solution of zinc nitrate. 


11. A silver strip is placed in a solution of lead (II) nitrate. 
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LAB Ml (Cont'd) 


MATERIALS : 


Pour strips Of each ol ‘Che metals: Cu, Zn, Pb; and Ag. 
oem or 0.10 mol/L: Cu(NO3),5 Zn(NO,).5 Pb(NO 3) 55 AgNO 3 


PROCEDURE: 


Design your own experiments to investigate the reaction of the metal 
strips on the solutions provided. Make sure each metal strip is cleaned 
to remove any surface coatings. All possible combinations should be 
tried. 


OBSERVATIONS: 


Tabulate your observations. Your table should indicate any evidence 
of a chemical change. Refer to the prelab exercises. 


INTERPRETATIONS (QUESTIONS): 


1. Go back to the equations in the Prelab Information and indicate which 
reactions are spontaneous and which are nonspontaneous by writing 
spont or nonspont on the net ionic equation. 


2. What generalization can be made about the reaction between a metal 
and its own aqueous ion? 


3. If the forward reaction is spontaneous will the reverse reaction also 
be spontaneous? Explain. 


4. List the metallic ions in order of their tendency to form metals, 
from greatest to least. (Place the ion which reacted with the most 
number of metals at the top of the list and the ion which reacted 
with the least number of metals at the bottom of the list.) 


5. List the metals in order of their tendency to form positive ions, 
from greatest to least. (Place the metal which reacted with the 
most number of ions at the top of the list and the metal which 
reacted with the least number of ions at the bottom of the list.) 


6. What generalization would enable you to predict the spontaneity of 
a reaction? Construct a table from which this generalization can 
readily be seen. 


7. Other conclusions, explanations, generalizations, etc. 
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ELECTROCHEMISTRY - SPONTANEOUS REACTIONS 


PURPOSE: 


1. To determine experimentally which combinations of given solutions 
will react spontaneously. 


2. To determine the relative strengths of the oxidizing agents (0A) and 
reducing agents (RA) determined in No. 1 above and place the agents 
correctly in a table similar to the Reduction Potential Table in 
ALCHEM (see Data Shéet, Table 4, side 1). 


PRELAB INFORMATION: 


This laboratory experiment is similar to Lab Ml. You will be given 
on lab day six chemical species (different from those in Lab Ml) and be 
required to determine experimentally which pairs react spontaneously. 
You will need to tabulate data in an organized fashion so that the 
relationships mentioned in the Purpose above can be found. Review 
Lab Ml and ALCHEM NOTES pp. M5, M6, M8, M9, M10. Note especially step 5, 
pe MLO. 


MATERIALS : 


Chemical species A, B, C, X, Y, Z, and other necessary materials. 


PROCEDURES AND OBSERVATIONS: 


1. Color tests to identify and distinguish each of the species in this 
experiment will be demonstrated on lab day. 


2. The Observation Report should indicate evidence for a chemical change 
in each case. 


INTERPRETATIONS: 


Give a brief explanation of your findings. Both parts of the Purpose 
(1 and 2 above) can be answered by placing the agents A, B, C and X, Y, Z 
in a table similar to the one obtained in Lab Ml. 
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REDOX TITRATION 


PURPOSE: 


1. To prepare a standard iron (II) solution using the primary standard, 
iron (II) ammonium sulfate hexahydrate (FeSO). (NH))S0),« 6H,0). 

2. To determine the molar concentration of an aqueous potassium 
permanganate solution. 


PRELAB INFORMATION: 


Aqueous solutions of KMnO, are frequently used in redox titration 
because the M07 (a ion is a strong oxidizing agent in acidic solution. 
The MnO (a ion addicts rapidly and stoichiometrically in acidic 
solution aq undergoes a convenient color change which indicates the end 
point of the reaction. 


However, KMnO, can not be used as a primary standard because its 
aqueous solutions become somewhat decomposed right after preparation. 
The instability of a freshly prepared Mn0 (3 ) solution is caused by 
organic matter contained in the distilled ab dee Some of the Mn0 
ions decompose while oxidizing this organic matter. It is Neceteer yo L0 
prepare a MnO~ ion solution of approximately the desired strength, 
let it stand #6282 day or two, then standardize it against a primary 
standard reducing agent. In this lab a solution of the primary standard, 
FeSO, + (NH ),SO, 6H,0, will be prepared and used to standardize a 


breviously Sregaved solution of MnO7 


PRELAB EXERCISE: 


1. Calculate the mass of FeSO, (NH, ),S0/* 6H,0 required to make 100 mL 
of 0.0500 mol/L solution. 


2. Write the balanced net ionic equation for the reaction of 


FeS0/* (NH, ),S0/* 6H,0 and KMn0 /, taean “acidic solution. 


MATERIALS: 


FeSO, (NH, ).S0,* ano ties - medicine dropper 


iL 
1 - 100 mL volumetric flask 1 - small pipet bulb 
1 - 250 mL Erienmeyer flask 1 - stirring rod 
1 - 50 mL buret 1 - 10 mL graduated cylinder 
L = 10 mL pipet 1 - shortstemmed funnel 
1 - meniscus finder STH RS ae unknown concentration 


stock solution of 3 mol/L H580, (ae) 
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PROCEDURES AND OBSERVATIONS: 


iPartoAs 


ae 


Nia ke 


LZie 


DS. 


14. 


Use a balance and a piece of paper to obtain the mass of 
FeSO (NH, )550,° 6H0( 5 determined in the Prelab Exercise. 


Use a 100 mL beaker to obtain about 40 mL 3 mol/L Sas va vo 
Transfer the FeSO,» (NH) oe Ca to the beaker containing 40 mL 
of+35mol/LbzsoO ‘ Sale the mixture until all the 


FeSO * (NH ) 30/5883) has dissolved. Rinse the stirring rod into 


the Peaheres : ; 


Use the funnel to transfer the FeSO e (NH, ) ars 6H.O solution from 
the 100mL beaker to the 100 mL volumetric eine Rinse the beaker 
into the volumetric flask. 


Use the distilled water to dilute the solution to exactly 100mL (Use 
a meniscus finder and a medicine dropper.) Mix thoroughly by 
inverting the volumetric flask several times. 


Obtain about 70 mL of KMnO solution of unknown concentration. 


4(aq) 
Clean and rinse the 50 mL buret and funnel with 2 or 3-5 mL portions 
of the KMn0O solution. Fill the buret and record the initial 


buret Pavdiieade the permanganate solution to the nearest 0.1 mL. 
(Note: Use the upper edge of the meniscus since the bottom of the 
meniscus is obscured.) 


Rinse a 10 mL pipet with water and then with iron (II) solution from 
the volumetric flask. 


Pipet 10.0 mL of the standard iron (II) solution into a clean 250 mL 
Erlenmeyer flask. 


Place a piece of white paper under the Erlenmeyer flask so the color 
of the solution can be seen better. 


Titrate the sample of iron (II) salt solution with the permanganate 
solution. Swirl the solution in the Erlenmeyer to ensure complete 
mixing. 

(When a single drop brings about a faint persisting pink tinge in the 
liquid, the endpoint has been reached.) 


Record the final buret reading. 
Repeat Steps 9-12 two more times. 


When finished rinse all glassware with tap water. 
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LAB M3 (Cont'd) 
PART Bs 
PURPOSE: 


To determine the concentration of a hydrogen peroxide solution by 


using the standardized KMn0//, solution from Part A. 


MATERIALS: 
1 - 50 mL buret ee aa) (Standardized in Part A) 


£u708nL "pi HO . 
l 10 mL pipet 2 2(aq) unknown concentration 


PROCEDURES AND OBSERVATIONS: 


1. Design your own experimental steps to determine the concentration of 
the H0, solution. Use techniques similar to Part A. 


2. Use 10 mL aliquots of the unknown hydrogen peroxide in an Erlenmeyer 
flask and titrate with the potassium permanganate solution whose 
concentration was determined in Part A. 


3. Record all observations. 


CALCULATIONS: (Part A and Part B) 


1. Show calculations for the molar concentration of the KMn0//, solution. 
(Part A) 


2. Show calculations for the molar concentration of the H,0, solution. 
(Part B) 


INTERPRETATIONS AND QUESTIONS: 
1. Discuss your findings for Part A and Part. B. 


te : 
2. What is the purpose of adding HSO/, to the Fee solution before 
titrating with Kun aay: 


3. Why is H,S0/, not added to the KMn0/), solution as a prepared reagent? 
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ELECTROCHEMICAL CELLS 


PURPOSE: 


1. To predict the voltage and direction of electron flow of various 
electrochemical cells. 


2. To construct and measure the E M F of various electrochemical cells. 


PRELAB INFORMATION: 


A number of electrochemical cells will be constructed in the lab. 
Use the electrochemical cell diagrams on the next three pages to analyze 
the following cells which will be constructed in the laboratory. The 


0.10 mol/L solutions used are OE ean Cen vee tep) and K,Cr,0,. 


2+ Me + 
rae Zn¢ ,/Zn (aq) HfCr05(a4)9 Bees 94 Cees 


Di 2+ 2- 
Cag) 2°7a0)? Hoag) *!¢s) 


De 
C? Ties CES OF Caq)" Hoag! ¢s ) 


//Cr., 0 


2+ 2+ 
te Zn(.y/2n (agp see Gauy isle 
Bs yltatay 2+ 

act 
6. Cd, y/cd Gat ec Cag)! *(aa) 


Example: The shorthand notation used above is designed to convey the 
essential information about an electrochemical cell. 


2- + 
Craw H G 
Zao yfene asl Cena arys Heaay9 ca) 
contents contents of the inert 
of one other half-cell electrode 
half-cell 


A solidus (/) is used to separate the formulas for chemical species 
which are in different phases. A comma (,) is used to separate the 
formulas for chemical species which are in the same phase. A double 
solidus (//) is used to represent a salt bridge or a porous cup. 
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LAB M4 (Cont'd) 


MATERIALS: 

Strips of Cd, Cu, Zn, Aq, Pb Kcr 505°, eu M); 

DC voltmeter, VOM or VTVM CdSO), Cuso,» AgNO. 5 Pp(NO,).5 
olan) 6.0M ZnSO), (all solutions are 0.10M) 
PROCEDURES: 


1. Design electrochemical cells using all possible combinations with the 
available metals and solutions. 


2. Determine which electrode should be the anode for each cell. 


4. Construct six of the cells which you designed in No. 1 and measure 
the EMF of each cell. 


4. Record all necessary experimental steps. These should be sufficiently 
complete and clear to enable someone else to duplicate the experiment. 


5. For each cell indicate how the voltmeter is to be connected. 

6. Unless the VIVM is used (very little current is drawn by this meter), 
the voltmeter should be connected only long enough to obtain a reading. 
The solutions used in this way are thereby affected very little and may 
be used again by you, but do not return the solutions to the reagent 
bottles. 

OBSERVATIONS: 
Tabulate data for all electrochemical cells measured. Use the 

shorthand notation illustrated on page M26, and indicate in your report 

the anode electrode, the predicted EMF, and the actual observed EMF. 


INTERPRETATIONS: 


ies Compare predicted EMF's with observed EMF's by peda the 
percent error of each cell. 


Le Account for the differences. 


3s Write balanced net equations for each cell reaction. 
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BRONSTED - LOWRY REACTIONS 


PURPOSE: 

To illustrate that the results of an acid-base reaction can be predicted 
by Bronsted-Lowry Theory. 
PRELAB EXERCISES: 

For each reaction below predict the products and state how you would 
detect these products (observation) if the reactions were performed. WRITE 
NET IONIC EQUATIONS and show by means of the system of arrows whether the 
forward or reverse reaction is favored as equilibrium is being approached. 
(See Table 8 on the ALCHEM data sheet.) 

1. An ammonium chloride solution is mixed with a sodium hydroxide solution. 


2. Aqueous solutions of sodium acetate and hydrochloric acid are mixed. 


3. A sodium hydrogen carbonate solution reacts with a sodium hydrogen 
sulfate solution. 


4. <A sodium benzoate solution is mixed with a sodium hydrogen sulfate 


Solution. (Hint for observation: See p. N27, ALCHEM) 


5. A methyl orange solution, Mo (aq), is put into a hydrochloric acid 
solution. 


6. A bromthymol blue solution, Bb (aq) is mixed with a sodium hydrogen 
carbonate solution. 


7. <A phenolphthalein solution, HPh(aq), is added to NaOH solution. 
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LAB Nl (Cont'd) sg 


MATERIALS? 


ry NH, Cl, NaOH, NaCH 


(All 0.50 mol/L). 


COO, HCl, NaHsO) NaC .H.COO, and NaHSO 


5 Cio S 


2. Indicators: methyl orange (Mo form), bronthymal Blue (Bb form), 
and phenolphthalein (HPh form). 
PROCEDURES : 


1. Design experimental steps and tabulate observations for each reaction 
given in the Prelab Exercises 1 - 7. The products of the reactions in 


the Prelab Exercises should provide clues for the predicted observations. 


Restrict samples of solutions to approximately 5 mL. 


2. Add a few drops of each indicator (HPh, Mo , and Bb ) to small samples 


of HCl, NaHCO,, NaOH, NaC,H,CO0, NaHSO,, NaHSO,, NH,Cl, and NaCH,CO0. 


OBSERVATIONS: 


Tabulate all predictions and observations. 


INTERPRETATION: 
1. Compare predictions with observations for all exercises. List and 
discuss any conflicting observations and write equations for all 


reactions. 


2. Explain why all indicators do not show a change. 
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LAB N2 


STANDARDIZATION TITRATION 


PURPOSE: 


To standardize a hydrochloric acid solution with the primary standard 


Na,CO,. 


PRELAB INFORMATION: 


The reagents most often used as acid and base of standard concentration 
in laboratories are HCl AND NaOH - They are both quite stable, 
inexpensive, and easy poaceepanas mbeader’ neither in a primary standard 
(i.e., one from which a solution of known concentration can be prepared to 
high accuracy). HCl is gaseous in a pure state and commercially sold 
solutions vary in concentration. NaOH is a deliquescent solid which means 
it will attract and absorb moisture from the air until it becomes a solution. 
The absorption of water by NaOH is so rapid that the mass of a sample of pure 
NaOH cannot be determined accurately. 


In this lab the concentration of solutions of HCl and NH 
will be determined accurately by first titrating a prinaee Sr iceeaceo anion 
of Na,CO, with the Hel eaan and then titrating the BS Gea) with the 
standardized Sos ee bae me 


Na,CO is a primary standard because the solid can be obtained in a 
very pure a and overnight heating will expel any absorbed water vapor. 
The pute solid Na,CO can then be used to prepare a solution of known 
concentration since fhe mass of a sample of the solid can be measured 
very accurately. 


MATERIALS: 
stock supply of Ee aeue 


stock bottles of Na COG) 

50 mL buret 

buret clamp 

small short-stemmed funnel 

100 mL volumetric flask with stopper 
10 mL pipet with bulb 


methyl orange indicator 
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LAB N2 (Cont'd) 


PROCEDURE? 


In the laboratory this year you have been asked, in most of the 
experiments, to design some of the experimental steps and to tabulate 
observations. In this laboratory exercise you are being asked to develop a 
complete experimental design. This design should include all experimental 
steps, a tabulated format of observations and a comprehensive interpretation. 
The lab will require careful measurements with the centigram balance and the 
use of a pipet. Use the indicator methyl orange. 


The stock HCl acid has a concentration greater than 0.1M but less than 
O.5M. You must, of course, determine the concentration of the HCl acid 
accurately by using a precise quantity of Na.CO, (primary standard). If you 
find the mass of approximately 1.5 g (to the nearest 0.0lg) of Na.CO., and 
prepare a 100 mL solution of Na.,CO. (using a volumetric flask) you will 
have enough of the standard for several titrations. These directions are 
only general guide lines. You will need to be more specific in outlining 
experimental steps, and this will require some careful planning on your 
part. 


OBSERVATIONS AND INTERPRETATIONS: 
Tabulate the data from all titrations and determine the concentration 


of the NCl as accurately as possible. This concentration will be needed 
in Lab N3 to determine the concentration of ammonia. Show all calculations. 
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LAB N3 


TITRATION = NH, 


PURPOSE: 


To use the standardized solution of HCl from LAB M2 to determine the 
concentration of ammonia (NH). 


MATERIALS: 


stock bottles of HCl 
(aq) 


stock bottles of NH 
3(aq) 


50 mL buret 

buret brush 

liquid soap 

buret stand 

buret clamp 

small short-stemmed funnel 
10 mL pipet with bulb 
bromthymol blue indicator 


250 mL Erlenmeyer flask 


PROCEDURE: 

Use the HCl from lab N2 to titrate with 10 mL aliquots of NH,. The 
bromthymol blue dieser should be added to the ammonia aliquot in tre 
titration flask (Erlenmeyer) and titrated with NCl until a permanent green 
color is reached. It is very easy to overshoot the green color. Perhaps 
you should be prepared with an alternate plan. 


OBSERVATIONS: 


Labudvate all titrations. 


INTERPRETATION: 


1. Determine the concentration of the ammonia. 

2. Answer all questions on page N52 and discuss your findings. 

3. Calculate the pH of the solution at the equivalence point and show that 
it is within the pH range of the indicator used. 
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LAB N4 


COMMON ION EFFECT 


PURPOSE: 


To determine what will happen, if to a saturated solution of eens 5 


a few drops of concentrated (12 M) ea) are added. 


PRELAB INFORMATION: 


In the laboratory this year you have been engaged in processes of 


scientific inquiry (See the handout An Inventory of Processes in Scientific 
Inquiry by M. A. May et al). 


For this last laboratory experiment you are being asked to identify and 


exhibit most of the process skills in the inventory. Here are steps you 
should take into account. There may be others which you may want to add. 


PROCESS SKILLS: 


1. Speculate about the phenomenon and identify a problem (variables, 
assumptions, etc.) 
2. Seek background information (notes, ALCHEM, etc.) 
Be iF redict, 
4. Hypothesize. 
5. Design experimental steps (state equipment, sequence steps) 
6. Indicate safety precautions. 
7. Go to the lab bench and perform the experiment. 
8. Record all observations. 
9. Identify failures, unexpected results, repeats, revisions, etc. 
10. Process data. 
ll. Interpret data. 
12. Interpret data by assessing the validity of initial assumptions, 
predictions, and hypotheses. 
13. Express the above interpretation of data verbally or mathematically. 
14. State what further evidence is needed to substantiate your findings 
or model. 
15. State any applications for this knowledge. 
REPORTS: 


Your DR should refer to No. 1, 2, 3, 4, 5, and 6; the OR should refer 


to No. 7, 8, and 9; and the FR should refer to No. 10 to 15. 
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AN INVENTORY OF PROCESS IN SCIENTIFIC INQUIRY 
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AN INVENTORY OF PROCESSES IN SCIENTIFIC INQUIRY 


By M. A. Nay, et al. 


I. INITIATION 


l. 


Identifying and formulating a problem 


(a) 
(b) 
(Wes) 
(da) 


speculating about a phenomenon 
identifying variables 

noting and making assumptions 
delimiting the problem 


Seeking background information 


Ca) 
(b) 
(c) 


recalling relevant knowledge and experiences 
doing literature research 
consulting people 


Predicting 


Hypothesizing 


Designing collection of data through field work and/or 
experimentation 


(a) 
(b) 
Cc) 
(d) 
Ce) 


defining the independent, dependent and controlled variables 
defining the procedure and sequencing the steps 

identifying needed equipment, materials and techniques 
indicating safety precautions 

devising the method for recording data 


II. COLLECTION OF DATA 


66 


Procedure 


Ca) 
Cb) 
Ce) 
(d) 
Ce) 


collecting, constructing, and setting up the apparatus or 
equipment 

doing field work and/or performing the experiment 
identifying the limitations of the design (as a result of 
failures, blind alleys, etc.) and modifying the procedure 
(often by trial-and-error) 

repeating the experiment (for reproducibility, to overcome 
limitations of initial design, and more) 

recording data (describing, tabulating, diagramming, 
photographing, and so on) 
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IV. 


7. 
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Observing and observations 


(a) 
(b) 


Gc’) 
(d) 
Ce) 
CP) 
(g) 


obtaining qualitative data (using senses) 

obtaining semi-quantitative and quantitative data 
(measuring, reading scales, calibrating, counting objects or 
events, estimating, approximating) 

gathering specimens 

obtaining graphical data (charts, photographs, films, etc.) 
noting unexpected or accidental occurrences (serendipity) 
noting the precision and accuracy of data 

judging the reliability and validity of data 


PROCESSING DATA 


8. 


9. 


10. 


Organizing the data 


(a) 
(b) 
Co) 


ordering to identify regularities 
classifying 
comparing 


Representing the data graphically 


(a) 
(b) 


drawing graphs, charts, maps, diagrams 
interpolating, extrapolating, etc. 


Treating the data mathematically 


Ca) 
(b) 
Cc) 


computing (calculating) 
using statistics 
determining the uncertainty in the results 


CONCEPTUALIZATION OF DATA 
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13. 


14. 


Interpreting the data 


(a) 
(b) 
(c) 


suggesting an explanation for a set of data 

deriving an inference or generalization from a set of data 
assessing validity of initial assumptions, predictions, 
and hypotheses 


Formulating operational definitions 


(a) verbal 
(b) mathematical 


Expressing data in the form of a mathematical relationship 


Incorporating the new discovery into the existing theory 
(developing a "mental model") 
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OPEN-ENDEDNESS 
15. Seeking further evidence to 
(a) increase the level of confidence in the explanation or 
generalization 
(b) test the range of applicability of the explanation or 
generalization 
16. Identifying new problems for investigation because of 
(a) the need to study the effect of a new variable 
(b) anomalous or unexpected observations 


(c) incompleteness ("gaps") and inconsistencies in the theory 


17. Applying the discovered knowledge 
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APPENDIX D 


CHARACTERIZATION OF AN INQUIRY LESSON 


PENS, 
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AN INVENTORY OF AFFECTIVE ATTRIBUTES OF SCIENTISTS 


By R. Crocker and M. A. Nay 


INTERESTS 


242 


(The motivation for a person to become a scientist and continue to be 


one. ) 


lel 


Understanding natural phenomena 
Dohis Cuplosity 

1.12 Fascination 

1.13 Excitement 

1.14 Enthusiasm 


Contributing to knowledge and human welfare 
1.21 Altruism 

1.22 Ambition 

1.23 Pride 

2% Satisfaction 


OPERATIONAL ADJUSTMENTS 


(Primary behaviors which underlie competence and success in science, 
and performance at recognized standards.) 


ZX dik 


2.4 


Dedication or commitment 

2.11 Perseverance (persistence) 
2.12 Patience 

2.13 Self-discipline 

2.14 Selflessness 

2.15 Responsibility 

2.16 Dependability 


Experimental requirements 

2.21 Systematism (methodicalness) 
2.22 Thoroughness 

2.23 Precision 

2.24 Sensitivity 

2.25 Alertness for the unexpected 


Initiative and resourcefulness 

2.31 Pragmatism (common-sense) 

2.32 Courage (daring, venturesomeness ) 
2.33 Self-direction (independence) 
2.34 Self-reliance 

2.35 Confidence 

2.36 Flexibility 

2.37 Aggressiveness 


Relations with peers 
2.41 Cooperation 

2.42 Compromise 

2.43 Modesty (humility) 


2.44 Tolerance 
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ATTITUDES OR INTELLECTUAL ADJUSTMENTS 


(Intellectual behaviors which are foundational to the scientist's 


contribution to or acceptance of new scientific knowledge.) 


ogy 


Sige 


Scientific integrity 


ore lel 
Deke 
B13 
3.14 
SES) 
3.16 
Se Wk 


Objectivity 

Open-mindedness 

Honesty 

Suspended judgment (restraint) 

Respect for evidence (reliance on fact) 
Willingness to change opinions 

Idea sharing 


Critical requirements 


Seal 
SL a4 
S23 
3.24 
ae 2D 
3.26 


Critical mindedness 
Skepticism 
Questioning attitude 
Disciplined thinking 
Anti-authoritarianism 
Self-criticism 


APPRECIATIONS 
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(Relative to the foundations, interactions, and dynamics of science.) 


4.1 


4.3 


The history of science 


4.11 
4.12 
4.13 


The evolution of scientific knowledge 
Contributions made by individual scientists 
The exponential growth of science 


Science and Society 


4.21 


4,22 The contribution made by science to social progress and 
melioration 


LS 
4.24 


The social basis of the development of modern science 


The relationship between science and technology 
The interaction of the "two cultures" 


The nature of science 


ty o L 
4,32 


The process of scientific inquiry 

The tentative and revisionary character of scientific 
knowledge 
The strengths and limitations of science 

The value of one's own contribution and the debt owing 
other scientists 

The communality of scientific ideas 

The esthetics and parsimony in scientific theory 

The power of individual and cooperative effort 

The power of logical reasoning (rationality) 

The causal, relativistic, and probabilistic nature of 
phenomena 
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VALUES AND/OR BELIEFS 


244 


(In the realm of philosophy, ethics, politics, etc.) 


Oot sehilosophical 
5.11 The universe 
5.12 The universe 
and rational 
5.13 The universe 


Ses ethical 


isa! real 

is comprehensible (knowable) through observation 
thought 

is not capricious 


5.21 Science is amoral but scientists have the responsibility 


to interpret 


the consequences of their work 


5/22 Humanism is the highest idea 


we 2OOCLaAL 
5.31 Science must 


serve the needs of society 


5.32 Science flourishes best in a free and democratic society 


From an article in Science Education, 54:59-67 


(1970) 
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APPENDIX F 


PROCESSES (OF (SCEENCE TEST 


(POST) 
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KEY FOR) PROCESsE os Or sc! ENCE TEST 246 


Item Best 
Number Answer 


Cognition (C) 


Process Skill(s) Involved* or Action (A) 


i 

1 B | design (procedure) A 
2 A procedure c 
3 B | organization of data C 
4 D | graphing A 
5 B graphing (prediction A 
6 | C | design (exptl. control) | A 
7 D | procedure (design) | A 

8 | B | interpretation (further | 
: . | A 

: evidence) 

9 C | problem definition | A 
10 A | interpretation A 
11 B | seeking background | c 
12 A | interpretation | A 
13 D | math treatment of data | A 

| | (math relationship) 
aaa D design (further evidence) | A 
15 c interpretation (hypo- A 

| | thesis) | 
16 | B | design A 
17 C | interpretation A 
18 A | design | A 
19 B | interpretation (design) | A 
20 A | c 
21 D C 
22 Di hel C 
23 B | hypothesis A 
24 C problem definition | A 

(design) | 
25 D | design (problem defini- | A 

tion) | 
26 A | problem identification | C 
27 A | design ! A 

28 B design | Cc (A) 

29 C procedure C 
30 B (communication) C 
31 G (problem) re 
32 D | C 
33 c | (further evidence) C 
34 Ay c 
35 C C 
36 D interpretation A 
a) A design (procedure) | A 
38 D ‘i interpretation A 
39 Cama c 
LO B | C 


Classified on the basis of ''An Inventory of Processes in 
Scientific Inquiry", by Nay et al. 
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ac. PROCESSES ae 
OF 
SCIENCE 
TEST 


DIRECTIONS 


Each question in this test is followed by four choices for an answer. Read each question 
and then decide which is the one best answer. On the separate answer sheet find the row 
which has the same number as the question you are answering. In that row blacken the space 
between the dotted lines under the letter which is the same as the one in front of the answer: 
you choose. Make your marks heavy and black, press down hard on your pencil, and go 
over your marks. If you make a mistake, erase completely the answer you wish to change. 


Meee 
Saat So 
aaa 
1 HR Ree TRENT ror: 


‘4 


Look at the example below: 


ls 


4 
a 
; 
Pal 
ry 
rs | 
ey 
ee 


X. Which one of the following diseases is Sample of Answer Sheet 
transmitted by a mosquito? 
(A) Smallpox 
(B) Tetanus 
(C) Malaria 
(D) Pneumonia 


Do not open this test booklet until you are told to do so. 


Make no marks in the booklet. & 
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The test contained in this booklet has been designed for use with answer forms pub- 
lished or authorized by The Psychological Corporation. If other answer forms are used, 
The Psychological Corporation takes no responsibility for the meaningfulness of scores. 


Prepared by the Biological Sciences Curriculum Study 


PUBLISHED BY THE PSYCHOLOGICAL CORPORATION, 304 EAST 45TH STREET, NEW YORK, N. Y. 10017 


PRINTED IN U.S.A. 
Copyright © 1962. All rights reserved. Biological Sciences Curriculum Study. 66-211TB 
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1. Which of these experimental procedures would 4. Which of the following graphs correctly expresses 
serve best to determine the effectiveness of inocu- the data in the table? 


lating sheep against anthrax disease? 


(A) Expose 50 sheep to anthrax and then inocu- 195 


late all of them she E80 
(B) Inoculate 25 out of 50 sheep and then expose & 165 
all 50 to anthrax CA) slecse 150 
re) 
(C) Inoculate 50 sheep and then expose all of ce 135 
them to anthrax 120 
(D) Inoculate 25 out of 50 sheep and then expose S60 AS S50 65°79. 85 
only the 25 inoculated sheep to anthrax Weight (kg) 
195 
2. Ifa researcher accurately reports his experimen- rae 180 
tal procedures, other researchers will most likely 5 165 
(A) be able to carry out the experiment with (B) 150 
similar results. = ae 
(B) accept all the experimental conclusions with- 
out any question. 35) °45 55. 65 755.85 
(C) change their own experimental results to Weight (kg) 
agree with the new findings. aoe 
(D) avoid similar experiments to prevent dupli- peal 
cation. 2 65 
CC) egeedel uss 
3 45 
35 
Questions 3-5 relate to the following table which gives 120 135 150 165 180 195 
the heights and weights of 6 boys. Height (cm) 


Weight (kg) 


Height (cm) Weight (kg) 85 
75 
65 oe 
(D) 55 
hue ge 
at 


120 135 150 165 180 195 
Height (em) 


3. Which of the following is the best reason for 

presenting the above data in a table? ; 
5. On the basis of the data given, it could be reason- 
(A) It requires no interpretation ably predicted that the weight of a boy 160 cm 


(B) It is an effective way of showing relation- tall would be most nearly 


hi 
irae (A) 45 kg. 
(C) It has fewer mistakes than a descriptive au 
(B) 55 kg. 
paragraph 
(D) It points up the reason why tall boys weigh (C) 65 kg. 
more (D) kg. 


GO ON TO NEXT PAGE 
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Questions 6-9 relate to the following experiment. 


Suppose the following experiment is done for the 
purpose of showing that a plant growing in a bell jar 
decreases the amount of carbon dioxide, CO», and 
increases the amount of oxygen, Oz, in the bell jar. 

A plant and a burning candle are placed beneath 
a bell jar as shown. The candle burns one minute and 
then goes out. Three days later the candle is ignited by 
means of the electrical apparatus and burns one minute 
before going out. 


6. 


ie 


Before any conclusions could be drawn from this 
experiment, the experiment should be repeated 
with which one of the following changes? 

(A) Use a larger bell jar 

(B) Omit the candle 

(C) Omit the plant 


(D) Ignite the candle with a concentrated beam 
of light 


The most probable source of error in this experi- 
ment would be 


(A) impure materials in the candle. 


(B) variations in the electrical energy supplied 
by the battery. 


(C) the size of the bell jar. 
(D) leaks between the bell jar and the platform. 


Suppose it is definitely shown that a plant grow- 
ing in a bell jar decreases the carbon dioxide, 
CO., and increases the oxygen, Oo, present. 
How is this finding related to the obseryation that 
plants restore the ability of air to support the 
burning of a candle? 


(A) It adds information which contradicts the 
observation 

(B) It adds information which fits with the 
observation 

(C) It adds nothing to the observation 

(D) It and the observation cannot both be 


correct 


Questions 


249 


Which of the following questions is answered by 
the experiment? 


(A) Do all parts of a plant take up COz and give 


off O02? 


Do plants require light to take up CO, and 
give off O2? 


Do plants and burning candles have the 
same effect on air? 


(B) 
(C) 


Is the amount of CO, taken up “by a plant 
greater than the amount of Oz given off? 


(D) 


10-11 relate to rhythmical movements in 


plants. 


10. 


11. 


Several plants known to exhibit rhythmical leaf 
movements were found to continue these move- 
ments even when the plants were grown under 
constant conditions of light, temperature, and 
humidity. Which one of the following conclusions 
(arranged in order of increasing generality) is 
the most general one supported by the facts pre- 
sented ? 


(A) Rhythmical leaf movements of some plants 
do not depend upon variations in light, 
temperature, or humidity 


(B) Rhythmical leaf movements of all plants do 
not depend upon variations in light, tem- 


perature, or humidity 


(C) 


Rhythmical leaf movements do not depend 
upon variations in the environment 


(D) 


Rhythmical movements in plants do not: 
depend upon variations in the environment 


If a biologist became interested in the problem 
of rhythmical leaf movements, which one of the 
following should he do in a careful investigation 
of the problem? 


(A) Write to someone who is already working 
on this problem asking him to suggest the 
best experiments to do 


(B) Read the published reports of biologists on 
the problem 


(C) Talk to his friends to see what they know 
about the problem 


(D) Look the subject up in an encyclopedia to 
find out more about it 
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Questions 12-14 relate to the experimental data in the following table. 
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Several different plant parts were placed in sealed containers of equal volume. The amounts of CO, (carbon dioxide) used 
by the plant parts under different conditions were measured and recorded. 


Vol. of 
Plant Part 
(cubic 
centimeters) 


Container 


red 
red 
blue 
blue 
orange 
orange 


CO. 
(carbon 
dioxide) 
Used 
(cubic 
centimeters) 


Assume that the experimental conditions not listed were identical in all six containers. 


12. 


On the basis of the data in the table, one could 
properly compare the amount of CO: used in 
one day by 


(A) 
(B) 
(C) 
(D) 


myrtle leaves at 60° F and at 80° F. 
myrtle stems and myrtle leaves. 
oak leaves in orange light and in blue light. 


oak leaves at 60° F and at 80° F. 


13. The experimental data indicate that the oak leaves 


14. 


used how much CO. ? 

(A) More in orange light than in blue light 
(B) More at 80° F than at 60° F 

(C) More per day than did the myrtle leaves 


(D) 50 cubic centimeters each day 


Before it would be appropriate to compare the 
amount of CO. used in one day by an oak leaf 
and a myrtle leaf, it would be necessary to change 


the 

(A) color of the light in container 1 to orange. 
(B) temperature in container | to S02 b: 

(C) temperature in container 2 to GOFF. 


(D) color of the light in container 5 to red. 


Questions 15-16 relate to the following report. 


A missionary reported that the root of a plant much 
like the Rauwolfia plant had been used by an African 
witch doctor to cure him of a serious illness. 


15. 


16. 


What is the most reasonable conclusion that can 
be drawn from this report? 


(A) The plant is useless since witch doctors are 
not trained physicians 


(B) The plant is useless because the missionary 
cannot judge how effective the plant was in 
curing his illness 

The plant may have been helpful since the 
missionary recovered after the witch doc- 
tor’s treatment 


(C) 


The plant was helpful because recent medi- 
cal reports show that reserpine, a drug 
effective in lowering blood pressure, is 
extracted from Rauwolfia 


(D) 


Which of the following procedures would be most 
appropriate in a preliminary investigation of the 
medicinal properties of this plant? 


(A) Administer portions of the plant to a group 
of human beings. with appropriate controls, 


and record the effects 


Select two groups of rats as experimental 
and control groups to test the effects of the 
plant 


(B) 


Send purified samples of the drug to hun- 
dreds of physicians throughout the world 
to assure an adequate sample 


(C) 


(D) Cross the plant with Rauwolfia to determine 


how closely these two plants are related 
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Questions 17-19 relate to the following experiment de- 
signed to determine the effects of irradiation on the 
adrenal gland. 


Three groups of normal six-month-old cats were all 
exposed to irradiation at the same times. One group 
was completely unshielded from the irradiation; the 
second group had their heads shielded; the third had 
their abdomens shielded. A fourth group cf normal 
six-month-old cats received no irradiation. At the same 
times before and after irradiation, blood was removed 
from all of the cats in all four groups and analyzed for 
hydrocortisone (a secretion of the adrenal gland). 


17. 


18. 


19. 


20. 


On the basis of this experiment alone, the re- 

searcher could not obtain 

(A) changes in the hydrocortisone level in the 
blood. 

(B) relationships between the hydrocortisone 

level in the blood and the amount of irra- 

diation. 


(C) 
(D) 


amounts of hydrocortisone stored in the 
adrenal gland. 
relationships between the hydrocortisone 
level in the blood and the body parts which 
were shielded. 


In measuring the hydrocortisone level to inves- 

tigate the effects of irradiation, it would be 

LEAST important for the researcher to record the 

(A) behavior of cats during irradiation. 

(B) amounts of hydrocortisone present in the 
blood. 

(C) amounts of irradiation to which the cats 
were exposed. 

(D) amounts of shielding used with each group 

of cats. 


A biologist would hesitate to draw final conclu- 
sions about the effects of irradiation on the 
adrenal gland of the cat on the basis of this ex- 
periment, because of the lack of provision for 


(A) 
(B) 
(C) 


identifying a likely location of hydrocorti- 
sone secretion. 

measuring the effects of irradiation on the 
adrenal gland by more than one method. 
measuring objectively the effects of irradia- 
tion on the output of hydrocortisone. 

(D) a control in the experiment. 


The work of a scientist has been described as 
(1) involving a thorough understanding of spe- 
cialized subjects, (2) frequently being quite rou- 
tine, (3) being exciting especially when new 
discoveries are made, and (4) requiring special 
skills. Which of these descriptions are correct? 
(A) 1, 2,3, and 4 

(B) Only 1, 2, and 3 

(C) Only 1, 2, and 4 

(D) Only 1, 3, and 4 


21. 


26. 


Zak 


Which of the following describes the kinds of 

equipment used by biological researchers? 

(A) Only equipment designed for research in 
biology 

(B) Only equipment designed for research in 
biology, physics, and chemistry 

(C) Only equipment designed for biological re- 
search or for general household use 

(D) Equipment designed for research in biology, 
chemistry, and physics plus that used in 
households 


Training in which of the following subjects would 
assist a biologist to understand blood better? 
(A) Chemistry only 

(B) Physics and chemistry only 

(C) Mathematics and physics only 

(D) Chemistry, physics, and mathematics 


Several similar rosebuds were selected for an ex- 
periment. Half of the buds were placed in a liter 
of tap water; the other half were placed in a liter 
of similar tap water in which aspirin had been 
dissolved. The most general hypothesis the experi- 
ment was designed to test was that aspirin 

(A) will purify tap water. 

(B) has an effect on rosebuds. 

(C) improves the appearance of rosebuds. 

(D) has the same effect on water as do rosebuds. 


Which of the foliowing questions would be the 

simplest to answer in a single experiment? 

(A) What are the effects of hormones on living 
organisms? 

(B) What are the effects on toads of the injection 
of adrenalin? 

(C) Does the injection of adrenalin into the 

muscles of an adult toad cause a temperature 

change in the animal? 

Does the injection of adrenalin have an 

effect on the muscles of living organisms? 


(D) 


Which one of the following hypotheses concern- 

ing leukemia (a disease involving blood cells) 

would be the simplest-to test scientifically ? 

(A) Leukemia in human beings is caused by 
radiations 

(B) Leukemia is the same in all mammals 

(C) Gamma radiation causes leukemia in white 
mice 

(D) Gamma radiation causes changes in the 

number of white blood cells in white mice 


Which one of the following kinds of data would 

probably be gathered first by a team of biologists 

who reach a previously unexplored region? 

(A) A description of the local animals and plants 

(B) An identification of herbs and berries which 
could be safely eaten 

(C) A chemical analysis of the local plants to 
determine if any have important drugs 

(D) Data on the environmental factors respon- 

sible for the distribution of various plants 

and animals 
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28. 


29. 


30. 


31. 


To determine the chemical composition of the Spe 


water in a certain fish pond, it would be most 
reasonable to analyze 


(A) 


samples of water taken at various locations 


in the pond. 
(B) 
(C) 
(D) 


samples of plants growing in the pond. 
all the water in the pond. 


the food eaten by animals living in the pond. 


The photosynthetic rates of a number of plants 
would be expressed LEAST precisely with a 


(A) number of curves on a graph. 

(B) series of photographs of the plants. 
(C) table of numbers. 

(D) series of bars on a graph. 


It is advantageous to collect data accurately be- 
cause they can be 


(A) recorded more easily. 

(B) expressed in several different forms. 
(C) used successfully in testing hypotheses. 
(D) easily changed to solve many problems. 


When a research biologist finishes a project, he 
should and will usually 


(A) 


keep his results secret for a while to protect 


his patent rights. 34. 


(B) 


let other biologists know about his findings 
and ideas. 


(C) 
(D) 


apply his results to a practical problem. 


begin a new project in an entirely different 
field. 


Many scientists have been studying the way fire- 
flies and other organisms produce light. The 
objective of this type of research is most prob- 
ably to 


(A) produce new types of commercial light 35. 


bulbs. 


(B) learn how to make electricity, without using 
fuel or power. 


(C) obtain basic information about a biological 
phenomenon. 


(D) develop fireflies that produce even greater 
amounts of light. 


33. 


2J2 


Biologists think that heredity is controlled by 
genes, but no one has ever “seen” a gene, and 
biologists are unable to say just how much of 
a chromosome constitutes a single gene. The main 
reason for this situation is that 


(A) it will take chemists and physicists to solve 
this problem and they have not begun to 
work on it yet. 


(B) 


scientific methods have not been used to 
solve the problem. 


(C) 


scientists cannot agree on an approach to 
the problem. 


(D) 


the techniques and information available 
are inadequate. 


Around 1950, the German Nobel Prize winner, 
Warburg, was involved in a controversy with 
American biologists about photosynthesis. None 
of the Americans had ever won the Nobel Prize, 
and their techniques were somewhat different 
from those used by Warburg. What is the best 


way to judge this controversy ? 


(A) Warburg was “right” because being a Nobel 


Prize winner, he was the better scientist 


(B) The American scientists were “right” be- 
cause the United States has taken over the 


lead in science 


(C) 


Further research with still other techniques 
is needed before deciding who was “right” 


(D) 


Neither Warburg nor the Americans were 
“right” since their findings were not in 
agreement 


A student’s participation in research activities at 
the high-school level would be expected to serve all 


of the following purposes EXCEPT to 


(A) provide him with the evidence needed to 
extend existing theories. 


(B) acquaint him with what a scientist does and 
how he does it. 


(C) develop his ability to comprehend problem 
situations. 


(D) extend his knowledge of biological research 
techniques. 


Of the following, what would be the most impor- 
tant thing for a high-school student to consider 
before deciding upon a career in biology? 


(A) His knowledge of biological phenomena 
(B) The pension plans available to biologists 
(C) His liking for biological study 

(D) His physical strength 
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Questions 36-38 relate to the following observation. 


A solution containing three different chemical sub- 
stances, X, Y, and Z, is accidentally spilled into a culture 
dish containing certain disease-causing bacteria. The 
dish is left standing in the laboratory for three days. 
At the end of this time all the bacteria are found to 
be dead. 


36. 


37. 


38. 


Which of the following conclusions may be drawn 
from the observation? 


(A) Daylight killed the bacteria 

(B) The species of bacteria is short-lived 

(C) The three chemicals killed the bacteria 
(D) The death of the bacteria cannot be at- 


tributed to any particular cause 


Which of the following procedures must neces- 
sarily be included to evaluate the effects of the 
solution on bacteria? 


(A) Let the culture dish sit for three days under 
normal laboratory conditions without added 
chemicals 


(B) Put the culture dish in the refrigerator to 
see if the bacteria can be killed by freezing 


(C) Heat the contents of the culture dish to see 
if boiling will kill the bacteria 


(D) Let the culture dish sit for one week under 
normal laboratory conditions 


Assume that chemical Z is effective in killing bac- 
teria in culture dishes. Z is then administered to 
half of a group of rats, and afterward the entire 
group is injected with bacteria. Repeatedly, Z 
fails to cure the rats of the bacterial disease. How 
would the biologist best explain this result? 


(A) Z does not work on animals 
(B) Z needs to be supplemented by X and Y 
(C) Some other drug will be needed to kill the 


bacteria in animals 


(D) The effectiveness of Z depends on the con- 


ditions under which it is used 


39. 


40. 


293 


Which of the following questions lends itself 
LEAST to scientific research? 


(A) Is cancer caused by a virus ? 
(B) Does the universe contain hydrogen? 


(C) Was the purpose of evolution to produce 
man? 


(D) What particles are contained in the nucleus 
of an atom? 


In 1929, Dr. Fleming discovered that a mold 
called Penicillium notatum could stop the growth 
of bacteria in a culture dish. However, it re- 
mained for other scientists to develop the present 
uses of penicillin. The best evaluation of Dr. 
Fleming’s discovery is that he 


(A) was a good scientist but a poor humani- 
tarlan. 


(B) achieved a remarkable scientific advance 
even though he did not find uses for peni- 
cillin. 


(C) should receive minor credit for his work 
since he found no practical uses for peni- 
cillin. 

(D) did not use the scientific methods properly 
or he would have done further research. 
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by G. Andruski, M. J. Kozlow and M. A. Nay 
University of Alberta 


forvattctbutes: 


critical mindedness (questioning attitude) 
suspended judgment 

respect for evidence 

honesty 

objectivity (and open-mindedness) 

willing to change opinions 


for subtests: 


cognition 
intent 


M BEST ATTITUDES COGNITION ITEM BEST ATTITUDE 
ER | ANSWER BEING OR NUMBER | ANSWER BEING 
TESTED INTENT 
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TEST ON SCIENTIFIC ATTITUDE 


Di rections: 


l. 


G. Andruski 
M.J. Kozlow 
M.A. Nay 


Each question or incomplete statement is followed by four 


possible answers. 
of the four alternative answers you 
yOur answers on the separate answer 
that the number on the answer sheet 
number of the question that you are 


Do not write in this test booklet. 


Read each question and decide which ONE 


think is best. Mark 
sheet. Make certain 
corresponds to the 
answering. 


not spend too much 


Answer all questions. 
ee ee ee ee. 


3. Read each question carefully but do 
time on any one question. 

4, Mark only ONE answer for each question. 

Example: 


Answer Sheet 


200. A person who dedicates his 
life to the study of chemistry 
is a 20026" All “B2°'C3 *p4 
Re es Og co 
A. biologist C. chemist 
B. physicist D. zoologist 


1981 Revised. 


© 


All rights reserved by the 
authors. 


Unauthorized use 


Or reproduction in whole or 


in part 


is prohibited. 
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1. Suppose you live near a large industria] plant. You find that the 
rose bushes in your yard die in a short while after they are planted, 
but your lawn remains in perfect condition. You suspect that the 
fumes from the industrial plant are the cause of the death of the 
roses. Which one of the following would be the most reasonable 
course of action for you to take? 


A. Study the effect of the fumes on healthy rose bushes. 

B. Stop growing rose bushes. 

C. Start legal action against the plant for pollution control. 
D. Move away from the plant. 


Questions 2 and 3 refer to the following paragraph. 


The scientist, Schleiden, published a report in 1838 on the 
origin of plant cells. He made several observations on the repro- 
ductive cells of some plants which he explained as follows: 


It is an absolute law that every cell takes its origin 
as a very small bladder and grows only slowly to its 
defined size. The process of cell formation which | 
have just described . .. is that process which | was 
able to follow in most of the piants which | have 
Studied. Yet many modifications of this deve!opment 
can be observed . . . Nevertheless, the general law 
cannot be questioned ... 


2. Which one of the following is generally true about scientists but was 
NOT demonstrated by Schleiden in the above situation? 


A. Scientists may ignore observations which do not quite fit into 
their theories. 

B. Scientists are usually careful to report exactly what they observe. 

C. Scientists collect large amounts of data in order to develop a 
Taw of nature. 

D. Scientists try to avoid making general statements based on limited 
data. 


3. Some aspects of Schleiden's theory were later shown to be not accurate. 
The most probable reason for this is that he 


did not have modern instruments to use in his investigations. 
did not make his theory explain ali of his observations. 
based his cell theory on too few observations. 

felt that his theory could not be questioned. 
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Quite often it is possible to give several different explanations for 


a particular set of observations. Which one of the following would NOT 


be generally true about such explanations? 


A. Only one of these explanations could be the true scientific one. 

B. The explanation which greatly stimulates further research is 
likely to be the one which most scientists will accept. 

C. The explanation which is the most widely used is likely to be 
the accepted one. 

D. All these explanations would be acceptable if they explain the 
observations adequately. 


When Einstein published his theory of relativity, another famous 
scientist was reported to have said, ''Dr. Einstein's new theory has 
shattered many of my scientific beliefs to smithereens!'' This state- 
ment indicates that the scientist 


A. recognized that scientific knowledge can change. 

B. held some wrong scientific beliefs without knowing it. 

C. did not believe in the old theory very strongly. 

D. did not have sufficient evidence to support his original beliefs. 


A theory in science is generally accepted when it explains all of the 
observed properties of the substances involved. However, it is 
possible that undiscovered properties exist that cannot be explained 
by the theory. Which one of the following is the BEST approach to 
this situation? 


A. When exceptions are discovered, scientists should abandon the 
theory and devise a new one. 

B. Scientists should provide several theories to explain a given 
set of observations so that if exceptions to one theory are found, 
they will have others to rely on. 

C. Scientists should not accept a theory until they are certain that 
exceptions to it do not exist. 

D. The limits under which the theory applies should be carefully 
stated and the theory should be used within these limits. 


Scientists recognize that a scientific theory 


A. should not be changed when it is based on a large amount of data. 
B. may have to be changed to keep up with a rapidly changing world. 

C. should not be changed when it explains what happens in nature. 
D. may have to be changed to explain new observations. 
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A boy goes skating on a pond and breaks through the ice. He is rescued 
and given a drink of hot chocolate by someone who is sneezing and 
coughing. A few days later the boy also has a cold. Which one of 

the following best describes the reason for the boy's cold? 


A. The reason why he got a cold is not yet determinable. 

B. He got the cold from the person who rescued him. 

C. He probably had a cold coming before he went skating. 

D. His cold is due to falling in the cold water and getting wet. 


Scientists have questioned many religious beliefs. Which one of the 
following best expresses the way you feel concerning this matter? 


A. When scientific theories question religious beliefs, it is better 
to keep the religious beliefs. 


B. | have two separate thought compartments, one for my religious 
beliefs and one for scientific knowledge. 

C. 1 question those religious beliefs upon which science has cast 
doubt. 

D. | keep my religious beliefs until scientists prove them wrong. 


A science magazine reports that a scientist produced a type of water 
that boils at 540°C at sea level. Another scientist reading this 
report would probably 


A. believe the report if it was written by a highly respected 
scientist. 

B. neither believe or disbelieve the report until other scientists 
study this problem. 

C. neither believe or disbelieve the report until it is discussed 
with friends and other scientists. 

D. disbelieve the report because he would know that water boils at 
100°C at sea level. 


Recently a chemical company was accused of deliberately making false 
claims about the safety of some of its insecticides. On the basis of 
these claims the government permitted their use in the human envi ron- 
ment. Now there is evidence that these insecticides have caused many 
people to suffer. Which of the following is the best way to handle 
this kind of situation? 


A. The chemical laboratory should be barred from developing new 
insecticides. 

B. The government should check more closely on the safety claims of 
such potentially dangerous chemicals. 

C. The false claims should be ignored until sufficient evidence is 
obtained that these insecticides harm humans. 

D. The false claims should be ignored since there is nothing to replace 
these useful chemicals. 
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A scientist was studying an ore from the moon in an attempt to obtain 
a new metal from it. He made several tests but did not find evidence 
of a new metal. However, he did identify a peculiar gas which he 
obtained during one of the tests. He probably would have 


A. reported that the ore did not contain a new metal but did contain 
a peculiar gas. 

B. reported only that portion of his investigation related to the 
gas. 

C. not made any report because he did not use the correct technique 
to find evidence of a metal. 

D. not made any report until he was able to get another scientist 
to confirm his identification of the gas. 


When you are evaluating the correctness of ideas in science textbooks, 
which one of the following is the most important consideration? 


A. How recently the book was published. 

B. Whether or not the author is a scientist. 

C. How widely the ideas in the book are currently accepted by 
scientists. 

D. The extent to which the ideas have been simplified. 


Suppose you had worked several days on a chemistry experiment. You 
then accidentally added some sodium nitrate solution when you should 
have added silver nitrate. Which one of the foliowing courses of 
action should you take? 


A. Add some silver nitrate solution and continue with the experiment. 
B. Continue with the experiment but if it doesn't turn out the way 

it should, start over again. 
C. Continue the experiment to see if the mistake makes any difference. 
D. Start over again as soon as you realize your mistake. 


If a scientist had to choose between two theories, he would probably 
support the theory which 


- most other scientists feel is more likely to be correct. 
explains the available observations more satisfactcrily. 
- is based on a larger number of observations. 

.- has more practical value. 
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Questions 16 and 17 refer to the following paragraph: 


Galileo gathered much evidence on Stars, motion of objects, 


etc. which gave rise to ideas about the universe which were contrary 
to those held by some of the philosophers of his time. These 
philosophers forced Galileo to say that he was wrong and tried to 
stop him from practicing science. 


Which one of the following best applies to this situation? 


Galileo should have collected more evidence before disagreeing 

with the philosophers. . 

Galileo's ideas became wrong when he was forced to say that 

they were. 

Galileo was justified in questioning the beliefs of the phi losophers. 
Galileo should have avoided those investigations which led to 
disagreement with the philosophers. 


In their treatment of Galileo, the philosophers 


B. 


C. 
D. 


showed that they did not have a proper respect for evidence. 

seemed to think that they knew all that there was to know about 

the universe. 

were not willing to change their ideas in the face of new evidence. 
showed all of the above characteristics. 


People born when certain stars are becoming more prominent show the 
influence of these stars in their personalities.'' People who believe 
this statement 


probably have a special ability to understand such influence. 
are more imaginative than most people. 

are more open-minded than most people. 

do not take scientific evidence into account. 


Suppose you did a chemistry experiment, but the resu!ts were not what 
you expected. Which one of the following would you do? 


AG 


Report the results that you obtained even though they were not 
what you expected. 

Report the results obtained by a classmate which were the ex- 
pected results. 1 
Report the results which were predicted in the chemistry text. 
Report no results and tell the teacher that the experiment failed. 
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20. Quite often two groups of scientists will support two opposing 


theories on some aspect of nature. Which one of the following 
would be the MOST important point to consider in settling such 
a controversy? 


A. Both theories give satisfactory explanations for the observations, 
but one theory has more practical applications. 

B. One group of scientists have had more success in publishing 
their theory. 

C. Different conclusions are reached when the two theories are 
applied to certain problems. 

D. One group contains several scientists who have won the Nobe ] 
Prize for science. 


Questions 21 and 22 refer to the following paragraph. 


Pad he 


Leis 


Priestly and Lavoisier, both of whom lived 200 years ago, are 
cften referred to as the ''fathers of modern chemistry'', Both of them 
did many experiments on burning and believed in the phlogiston theory 
of combustion (all materials give off a substance called ''phlogiston''! 
when they burn). However, later Lavoisier became dissatisfied with 
the phlogiston theory and developed our modern theory of combustion 
in which he said that when a substance burns it combines with oxygen. 
Priestley never accepted Lavoisier's theory. 


Which one of the following is generally true about scientists, but 
was NOT demonstrated by Priestley in the above situation? 


A. Scientists believe very strongly in their theories. 

B. Scientists accept new theories when they are consistent with 
experimental data. 

C. Scientists do not accept new theories when they are first published. 

D Scientists demand an excessive amount of experimental evidence 
before changing their belief in a theory. 


Which one of the following can be inferred from the above paragraph 
as NOT true about Lavoisier? 


He developed a new theory to explain the evidence on burning. 
He recognized that theories are likely to change. . 
He was prepared to consider ideas presented by others. 
He believed that his theory of combustion would never change. 
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Drs. Brown, Jones, and Smith are medical researchers. Each one 
independently investigated the cancer~producing effect on rats of 
compounds found in tar. Dr. Brown reported that there was no effect. 
Some time later, both Drs. Jones and Smith reported that these 
compounds were highly cancer-producing. Which one of the following 
was probably the MOST important reason for Dr. Brown's conclusion? 


- He did not do a sufficient number of controlled experiments. 
- He did not consider all the evidence. 

- He was in a hurry to report his results first. 

- He did not analyze his data properly. 


9O WwW D> 


Below are a number of points of view regarding the teaching of the 
theory of evolution in a biology class. In your Opinion, this theory 
should be 


A. omitted from the biology course. 

B. presented to the class, but its controversial aspects should not 
be discussed. 

C. discussed thoroughly in a democratic manner in class with al] 
Students present. 

D. discussed openly in class, but those students who do not want to 
listen should be permitted to leave. 


Imagine you are living in a small town on the banks of a river not 
far from a large industrial city. Your town has just experienced a 
severe flood for the first time in its recorded history. Some people 
are saying that it was caused by increased rainfall due to the smog 
from the nearby industry. Which one of the following best expresses 
your evaluation of this claim? 


A. This is a popular opinion for which there is no proof. 

B. This is a conclusion for which more evidence is needed. 
C. This is a valid conclusion based on sufficient evidence. 
D. This is a popular opinion based on people's prejudice against smog. 


In an experiment, students blew through limewater with a straw and 
noted that it turned milky. From this result most of the students 
concluded that their bodies gave off carbon dioxide. However, one 
girl wrote in her notebook that since there is carbon dioxide in 

the air we breathe, the experiment proved nothing. Which one of the 
following best describes your evaluation of this situation? 


A. Both sides were partly justified in their conclusions. 

B. The girl was justified in doubting the proof for the body giving 
off carbon dioxide. 

C. Neither side had sufficient evidence for their conclusion. 

D. The students were justified in concluding that the body gives 
off carbon dioxide. 
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For more than 100 years chemistry textbooks have presented Arrhenius's 
theory of ionization to explain the properties of acids, bases and 
salts. However, at the time Arrhenius first proposed this theory, 
very few scientists were willing to accept it. Which one of the 
following is the MOST important reason why the theory was not widely 


“accepted when it was first proposed? 


A. The scientists who would not accept this theory were less willing 
to be criticized. 

B. The scientists who would not accept this theory were not as 
imaginative as Arrhenius. 

C. Arrhenius did not have enough evidence to support his theory. 

D. Arrhenius, in his theory, gave a different interpretation to 
the available data on acids, bases and salts. 


Nuclear plants are becoming of increasing importance as a source of 
electricity in industrialized countries. However, dangerous radio- 
active wastes are produced which must be disposed of safely. Recently, 
a proposal was made to bury them deep in stable Pre-Cambrian rocks 
where they must lie undisturbed for hundreds of thousands of years. 
Which of the following reactions is the most reasonable one for you to 
take on this issue? 


A. The proposal is sheer madness because this increases the risk of 
radioactive pollution. 

B. The proposal should be shelved until studies are done on the 
success of long-term burial of radioactive wastes. 

C. Risks should be taken because the electricity from nuclear plants 
is badly needed. 

D. The industrialized countries should use less electricity so that 
nuclear plants would not be necessary. 


"Light travels as a stream of particles.!''! 
"Light travels as a wave.'! 


If you came across these two statements in two different science books, 
which of the following would you do? 


A. Ask your teacher to tell you which statement to accept. 

B. Check other science books for statements on this topic. 

C. Assume that scientists are not certain as to how light travels. 
D. Accept the statement in the newer book. 
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During a discussion of current events in a science class a student 
reports that much of the research on paranormal power (eg. mental 
telepathy, clairvoyance, and fortune telling) gives false results. 
The main reason for these false results is the difficulty in devising 
proper research methods to study paranormal power. Students who 
believe in paranormal Power upon hearing this report, should react 

in which one of ithe following ways? 


Continue to believe because eventually new research may show 
that some people do have Paranormal power. 

Stop believing in paranormal power until acceptable scientific 
evidence is obtained to Support it. 

Read the evidence for and against paranormal power so as to be 
able to decide whether to continue believing it. 

Continue to believe because one knows from one's own experiences 
that some people have paranormal power. 


Suppose that you and a friend both did the same experiment to deter- 
mine whether or not sunlight is required for plants to produce starch. 
Both of you tested a leaf froma plant that had been left in the dark 
for two days. Then you both tested a leaf from a plant that had been 
left in the sunlight. Your friend found starch in both leaves. You 
found starch only in the leaf from the plant that had been left in 

the sunlight. Which one of the following would be the most reasonable 
thing for you to do? 


Accept your own result because text books say that plants in the 
dark should not produce starch. 

Accept the result obtained by the one who knows more about the 
experiment. 

Have both of you repeat the experiment. 

Ask your teacher to decide which result should be accepted. 


Consider the following data concerning fluoridation of the public 
water supply: 


Fluorides help prevent cavities in children's teeth. 


Small amounts of fluorides appear to have no long-term harmful 
effects on humans. 


The easiest and cheapest way to administer flourides to children 
is through the public water supply. 


It is safe to put acceptable amounts of fluorides in milk for children. 


Which one of the following best describes your point of view after 
considering the above information? 


You would be against putting fluorides into the public water supply. 
You would be uncertain as to which side to support. 
You would be in favor of putting fluorides into the public water 


supply. 
You would lose interest in the problem because the evidence is tco 


indefinite. 
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"Cloning'' is one kind of experimentation with genes (carriers of 
heredity) in which identical copies of an organism are produced. 
This result of cloning has led to claims that it is possible to 
Produce many copies of a human being. Which one of the following 


eactiions, .do vou, favor? 


A. Biologists have no business aspiring to "play God.!! 

B. The possible bad results of duplicating human beings are scary. 

C. Society should protect the sanctity of life by forbidding the 
cloning of humans. 

D. Cloning of humans should continue because it may help in our 
understanding of the process of life. 


Some medical researchers say that marijuana is more harmful to humans 
than alcohol, while others say that it is not. In the light of this 
information, which of the following would you be inclined to do? 


A. Put off any decision about smoking marijuana until more definite 


knowledge is obtained about its effects. 
B. Ignore the evidence that marijuana might be harmful and smoke it 
if you wanted to. 


C. Smoke marijuana because it is probably no more harmful than alcohol. 


D. Not smoke marijuana because it is harmful. 


When observations are made that do not fit an accepted scientific 
theory, scientists usually 


A. try to adjust the observations so that they fit into the theory. 

B. keep the theory as it is since the new observations cannot be used 
to improve it. 

C. discard the theory and develop a new one to explain these obser- 
vations. 


D. try to change the theory so that these observations can be explained. 


It has been stated that secrecy in research is necessary, one reason 
being that stealing of ideas occurs in science. Which one of the 
following is the LEAST important reaction to this situation? 


A. Stealing of research ideas is desirable because it informs the 
wronged scientist that his research is important. 


B. Stealing of research ideas is bad because it may prevent a scientist 


from getting proper recognition for his ideas. 

C. A certain amount of stealing of research ideas is tolerable since 
it tends ''to keep scientists on their toes,"! 

D. Such stealing is harmful because it may prevent scientists from 
sharing ideas, hence slowing down scientific progress. 
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If you come across a scientific idea which goes against your common 
sense, which one of the following would you be inclined to do? 


A. Disregard the scientific idea because it is better to rely on 
common sense. 

B. Disregard common sense because it is not as reliable as scientific 
study. 

C. Do an experiment to determine whether common sense or the scienti- 
fic idea is more acceptable. 

D. Try to produce a compromise between the scientific idea and common 
sense, 


"Many people have cycles of mental disturbances which correspond to 
the phases of the moon.'' Which one of the following best represents 
your reaction to this statement? 


A. One should be willing to consider the possibility that there may 
be some truth to this statement. 

B. Scientists could never prove or disprove this idea. 

C. This statement is true because people have believed in it for 
a long time. 

D. There is insufficient evidence to make such a claim. 


A scientist shows that he is open-minded when he 


A. discusses his ideas with other scientists. 

B. asks other scientists to provide experimental evidence to support 
their ideas. 

C. agrees with ideas presented by other scientists. 

D. evaluates ideas which do not agree with his theories. 


Because a scientist is human, he can never be totally objective (without 
bias) when doing and reporting his research. Yet when he does report 
his research findings, other scientists usually treat them as accurate 
and honest. Which of the following statements best explains this 
apparently contradictory situation? 


A. From the report, scientists are able to tell whether there was 
any cheating. 

B. A scientist's strong scientific interests and biases do not have 
any effect on his findings. 

C. Scientists trust such reports because they know that the research 
can be repeated by other scientists working in the same field. 

D. Biased research findings are often very useful in science. 
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LABORATORY QUESTIONNAIRE 


One of the purposes of this questionnaire is to provide descriptions 
of what happens in the classroom. You are asked to state concerns, 
priorities, interactions (with teacher and other students) and even your 
personal feelings about your participation in the Chemistry 30 laboratory 
program. Please indicate what you believe rather than what you think you 
should believe, or what you think your teacher thinks you should believe. 


EXAMPLE: I like to watch NHL hockey broadcasts on TV. 


A B 8 D E 
Sstrongiy agree neutral disagree strongly 
agree disagree 


If you score the A response, this would indicate that you are very 
interested in hockey and watch it most of thetime. If you score the B 
response, this would indicate that you watch the TV hockey broadcasts 
frequently but on some nights you would watch competing programs. If you 
score the C response, this would indicate that you neither agree nor 
disagree withthe statements. If you score the D response, this would 
indicate that you watch other programs or do something else more often 
than watch hockey. If you score the E response, this would indicate that 
you do not watch hockey at all. In fact you haveno interest in the hockey 
programs. 


Space has been provided for your comments. Your responses and 
comments will be used to evaluate this year's laboratory program and to 
give an in-depth description of the laboratory setting. 
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LAB Ll 


PLEASE ENDICATE THE LETTER*OFSYOURMCHOICE! TO THE LEFT OF QUESTION 

A - strongly B - agree C - neutral D - disagree E - strongly 

agree disagree 

1. In spite of the Prelab Instructions (see page L3), I was not sure 
what was meant by the molar heat of a chemical change. 

2. After performing the experiment and completing the laboratory reports, 


I was still unsure of what was meant by the molar heat of a chemical 
change. 


— 3. 1 am not sure of what is meant by the specific heat of a substance. 


4. I am not sure why it was assumed that all solutions (acid and base) 
have a density of 1.00 g/mL. 


5. 1 felt the instructions given in the laboratory manual on pages L3 
and L4 were sufficiently clear. 


6. 1 had difficulty with the Design Report. 


7. I did not realize that more than one trial was necessary to obtain 
significant data (reproducibility). 


8, I had difficulty in organizing and recording my data for the 
Observation Report. 


9, I believe more guidance should have been provided by the teacher 
during the experiment. 


10. I had difficulty with the calculations as required on page “ne 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back of 
this page if more space is needed. 
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LAB L2 
PieAok TNDIGCATE THE LETTTERSOFSYOURSCHORCGE+TO, THE: LEFT- OF QUESTION 
A - strongly B - agree C - neutral D - disagree E - strongly 
agree disagree 
1. After studying the Prelab Instructions I had little trouble designing 
my own experimental steps. 
2. Before performing this experiment, I understood the processes 
involving heat transfer in converting the vapor phase of a substance 


to the liquid phase (phase change). 


3. The laboratory instructions on pages L1l7 and L18 were adequate to 
enable me to design and perform this experiment. 


4. I would like to see more instructions in the laboratory manual. 


5. I would not care to do this experiment again, even to try and improve 
my results. 


6. 1 had difficulty with the Observation Report. 
7. had difficulty withthe final, Keport. 


8. I believe more guidance should have been provided by the teacher 
during the experiment. 


9, I believe this experiment is too difficult for me to obtain a 
reasonable “heat of vaporization" value. Explain below. 


10. I believe I can improve my design and techniques in order to minimize 
the percent error. 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back of 
this page if more space is needed. 
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LAB L3 


PLEASE ENDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION 
A - strongly B - agree C - neutral D - disagree E - strongly 
agree disagree 
1. I understood how to determine the molar heat of a phase change before 
doing the experiment. 


2. 1 felt confident about my determination in this experiment. 


3. Measuring the heat gained by an ice cube is not a very exciting or 
sophisticated experiment at the grade XII level. 


4. I found it difficult to identify what equipment, materials, and 
techniques would be needed for this experiment. 


5. Devising a method to record my data was difficult for me. 


6. Obtaining the quantitative data such as measuring mass, volume, 
temperature, etc. was not difficult. 


7. This experiment was not very challenging. Explain below. 


8. I believe more guidance should have been provided by the teacher 
during the experiment. 


9, I had some help from my fellow students in doing this experiment. 


10. I would like to do more experiments in this unit (Energy). 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back if 
more space is needed. 
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LAB Ml 03 


PLEASE. INDICATE THE. LETTER. OF. YOUR. CHOICE TO THE LEFT.OF. QUESTION 
A - strongly B - agree C - neutral D - disagree E - strongly 
agree disagree 
1. I understood the purpose of this experiment (see page 8). 
2. I had difficulty designing the experimental steps for the D.R. 


3. I had difficulty in determining whether a chemical change occurred 
in every case (metal + metallic ions). 


4. I had difficulty in recording my data (describing, tabulating, etc.) 
for the O.R. 


5. I had difficulty in ordering my data so as to identify regularities 
(comparing relative tendencies of metals to react and comparing 
relative tendencies of metallic ions to react). Explain below. 


6. I had difficulty completing the experiment and the O.R. before the 
end of period. 


7. 1 had difficulties with the questions on page 9. 


8. I believe more guidance should have been provided by the teacher 
during the experiment. 


9. I found the experiment interesting. 


10. I found the experiment challenging. 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back of 
this page if more space is needed. 
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LAB M2 
PLEASE- INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION 
A - strongly B - agree C - neutral D - disagree E - strongly 
agree disagree 
1. I would not like to do more experiments in this unit. 
2. I found this laboratory experiment more difficult than Lab Ml. 
3. I had difficulty in designing the experimental steps. 


4, I had difficulty in recording my data (describing, tabulating, etc.) 
in vthne O.R. 


5. I had difficulty in ordering my data so as to identify regularities 
(i.e., finding SOA, SRA and constructing the table). 


6. I found it difficult to perform the experiment and complete the 
report before the end of the period. 


7. I believe more guidance should have been provided by the teacher 
during the experiment. 


8. I found the color tests with the halogens and CCl, confusing. 


—— 4 


9. I found this experiment interesting. 


10. I found this experiment challenging. 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back of 
this page if more space is needed. 
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LAB M3 
PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION 
A - strongly B - agree C - neutral D - disagree E - strongly 


agree disagree 


1. On page 12, Part A, fourteen steps were given under Procedure. I 
prefer doing laboratory experiments of this type rather than 
designing my own experimental steps. 

2. I had difficulty arriving at the endpoint in Part A (pink tinge). 

3. In Part B I had difficulty with the Design Report. (D.R.) 

4, I had difficulty organizing my data (tabulating, etc.) for the O. R. 


5. 1 had difficulty with the Final Report. (Explain below). 


6. 1 believe more guidance should have been provided by the teacher 
during the experiment. 


7. I understand not only how to use a volumetric flask (100 mL) but 
also the stoichiometric principle involved. 


8. I found this experiment difficult to perform. 


9. I found this experiment interesting. 


10. I found this experiment challenging. 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back of 
this page if more space is needed. 
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LAB M4 


PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION 
A - strongly B - agree C = neutral D - disagree E = strongly 
agree disagree 
1. I found this experiment easy to do. 
2. Upon connecting the voltmeter to my electrochemical cell, I generally 
knew which electrode was to be connected to the negative terminal of 
the voltmeter and seldom made an error. 


3. I was generally disappointed in my data. 


4. I prefer an experiment which has a determination or a right answer so 
that I know if my results are right or wrong. 


5. I had difficulty with the Design Report. PLease comment below. 
6. I had difficulty with the Observation Report. Please comment below. 
7. I had difficulty with the Final Report. PLease comment below. 


8. I believe more guidance should be provided by the teacher during 
the experiment. 


9. I found this experiment interesting. 


10. I found this experiment challenging. 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back of 
this page if more space is needed. 
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LAB Nl 
PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION 
A - strongly B - agree C - neutral D - disagree E - strongly 
agree disagree 
1. The instructions in the lab manual were not clear. 
2. I had trouble designing the quantitative data for this experiment. 


3. I am still having trouble writing NET IONIC EQUATIONS (See prelab 
exercises on page 16. 


4, I find predicting the results of acid-base reactions by the 
Bronsted-Lowry theory to be difficult. 


5. I had difficulty with the "conflicting observations" in the F.R. 
See Interpretation on page 1/7. 


6. 1 had difficulty in organizing and recording my data for the 
Observation Report. 


7. I had difficulty explaining why all indicators did not show a color 
change in the F.R. 


8. There were too many things to do in this experiment. 


9, I believe more guidance should have been provided by the teacher 
during the experiment. 


10. I am looking forward to more experiments in this unit. 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back of 
this page if more space is needed. 
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LAB N2 
PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION 
A - strongly B - agree C - neutral D - disagree E - strongly 
agree disagree 
1. I am not sure that I understand the purpose of this experiment. 
2. 1 believe my titration skills have improved since Lab M2. 


3. I do not like to do experiments dealing with concentrations and 
titrations. 


4. There were too many things to do in this experiment and I tended to 
become confused. 


5. Without help from other students I would not have been able to do this 
experiment or complete the reports. 


6. I do not particularly like experiments where I am expected to design 
all the experimental steps. 


7. I do not completely understand the stoichiometric principle of using 
a volumetric flask. 


8. I believe more guidance should have been provided by the teacher 
during the experiment. 


9, I had difficulty with the Final Report. 


10. I found this experiment challenging. 


COMMENTS 


Please comment about any part of the questionnaire or any phase of the 
experiment. Your attitude and personal feelings regarding your participation 
in the laboratory program are of particular interest. Please use the back of 
this page if more space is needed. 
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LAB N3 
Prensce TNDICATE THE GETTER OF YOUR CROLCE FO THE LEFT OF QUESTION 
A - strongly B - agree C - neutral D - disagree E - strongly 
agree disagree 
1. I did not feel very confident about attempting this Lab. 


2. I had little trouble identifying the needed equipment, materials 
and techniques necessary for this experiment. (DR). 


Peal ead little trouble devising a method for recording my data 
COR). 


4. I did not forget to repeat this experiment for reproducibility. 


5. 1 experienced few if any unexpected or accidental occurrences 
during the experiment. 


6. Upon treating my data I discovered uncertainties in my results. 
7. 1 felt confident about my determination (concentration of NH.) 
8. I found many of the questions on page N52 difficult. 


9, I believe more guidance should have been provided by the teacher 
during the experiment. 


10. I enjoyed the challenge of trying to find the concentration of 
ammonia. 1 like this type of experiment. 


COMMENTS 


PLease comment about any part of the questionnaire or any phase of 
the experiment. Your attitude and personal feelings regarding your 
participation in the laboratory program are of particular interest. 
Please use the back of this page if more space is needed. 
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LAB N4 


PLEASE INDICATE THE LETTER OF YOUR CHOICE TO THE LEFT OF QUESTION 
A - strongly B - agree C = neutral D - disagree E - strongly 
agree disagree 
1. I had little trouble indentifying a problem. 

2. I felt confident about my prediction(s). 

3. Designing experimental steps was not difficult. 


4. Finding a possible explanation for the phenomena was not difficult 
(hypothesizing). 


5. This experiment was simple enough to perform yet many of the process 
skills studied this year were illustrated in this experiment. 


6. 1 interpreted my data verbally but I had difficulty interpreting 
the data mathematically. 


7. I believe I know more about the process skills used by scientists in 
research (see underlined words above) than I did at the beginning of 
this science course. 


8. Teacher guidance was not needed during this experiment. 


9, I found most of the experiments interesting and challenging this 
year. 


10. I was generally pleased with my work in the laboratory this year. 


Special Question: 


As a learning experience, how do you like the type of experiments you 
have been doing this year? 
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COMMENTS 


Please comment about any part of the laboratory program this year. 
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CRITERIA FOR EVALUATION OF LABORATORY REPORTS 
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CRITERIA FOR EVALUATION OF LABORATORY REPORTS 


DESIGN REPORT (DR) (5 marks) 

a. Experimental steps must be original within limitations given. 

b. Experimental steps are to be both qualitative and quantitative. 

ce. Quantitative statements are to be expressed to the correct number of 
significant figures (determined by limitation of equipment). 

d. Experimental steps are to be logically sequenced. 

OBSERVATION REPORT (OR) (5 marks) 

a. The report is to show evidence of organization or structure. 

b. Data must be tabulated. (table, matrix, headings and sub-headings) 

c. Each trial is to be labelled. 

d. Recorded data are to be consistent with the DR. 

e. Changes in experimental procedures different from the design should 
be indicated on the back of the OR. 

f. Data are to be expressed to the correct number of significant digits. 

FINAL REPORT (FR) (10 marks) 

a. Balanced equations for all reactions are to be included. 

b. Design steps and recorded data need not be included in the FR. 

c. All questions in the laboratory exercises are to be answered in the FR. 

d. Only one determination, which should be the average for all trials, and 
only one per cent error is to be submitted. 

e. Calculations for all trials are to be included. 

f. Sources and amount of error are to be included. 

ge Interpretations must include a discussion of findings: achievement 


of purpose, explanations, generalization, validity of assumptions, 
delimitations, omissions, and comments about the quality of work. 
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MEANS, STANDARD DEVIATIONS, AND PERCENT ERRORS 


FOR EXPERIMENTS WITH DETERMINATIONS 
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TABLE 55 


MEANS, STANDARD DEVIATIONS, AND PERCENT ERRORS 
FOR EXPERIMENTS WITH DETERMINATIONS 
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Lab Accepted Class Standard Percent 
No. Value Determination Deviation Brror 
aE a ae eR ad 8 
Ll 5h <0 48.7 Sieus! dies 
L2 40.8 29.6 8.8 28 
L3 6.03 Dede js) 8.5 
M3 (Part A) 0.00800 0.00831 0.00047 8.6 
MS. (Part 5) 02023 0.0245 0.0032 6.1 
N2 0.180 0.186 0.014 Bez 
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APPENDIX L 


SUMMARY OF STUDENT RESPONSES OF TAPED INTERVIEWS 
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TAPED INTERVIEW QUESTIONS ee 
Two students, randomly selected, were interviewed after each 
laboratory investigation. These interview sessions were tape-recorded and 
each interview lasted approximately thirty minutes. The questions below 
are those which formed the structured section of the interview. Depending 
on how students answered the questions, other more indepth questions 


were usually asked. 


QUESTIONS 

1. How do you feel about this laboratory investigation? 
What did you like about it? What features? Why? 

2. Tell me about your thoughts and feelings on the following: 
(a) the topic investigated. Did you understand the purpose? 
(b) prelab discussions. Were they adequate? Why? 
(c) design and observation; processing and interpreting data. 


(d) laboratory reports (DR, OR, FR). How do you feel about 
writing three reports rather than one? 


(e) marking reports. 
(f£) your peers and the teacher. What effect did your classmates 


and the teacher have on the classroom setting? 


3. How can this course be improved? 
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TABLE 56 


Summary of Student Responses of Taped Interviews on Lab Ll 


= 


Questions 


Responses 


re ca a LT l,l 


1. General Feelings 
about Lab 


2. Opinions on: 


(a) Topic 
(Purpose) 


(b) Prelab 
Discussion 


(c) Design, 
Observation, 
Processing, 
Interpreting 
Data 


(d) Writing 
Reports 


(e) Marking 
Reports 


(F) Peers and 
Teacher 


3. Improving Lab 
Program 


Not difficult/ Not very complicated/ Fun to do/ 
Interesting/ I understood what I was doing// I 
particularly enjoyed lab, especially writing my 
own procedures/ I liked being trusted... not 
having to follow a [given] procedure/ I enjoyed 
lab but I had a little problem with calculations. 


At first I didn't know what it was about/ Yes, I 
know now// Purpose was clear/ Interesting .. . 
so much heat given off. 


Everything was straingt forward before I went into 
the lab// That was good/ Prelab was very helpful/ 
I got a lot from discussions. 


Not hard to write up/ I knew what to do/ OR was 
simple enough, although I wish I had known that 
we were supposed to do more than one trial/ 
Processing was more difficult// DR was faily easy 
because of prelab/ OR was fairly easy because I 
understood the lab/ Processing data was mor diffi- 
cult because I didn't know the order/ The inter- 
pretations and processing part was the most 
difficult .. . we should have gone over this in 
class firse. 


I like the idea of handing in three reports/ You 
have to think before going into the lab// A 
little more work but I guess it is better for us. 


Fair// 


Good atmosphere/ I know I can ask the teacher or 
others for help/ Although the teacher didn't 

help us during the first lab// Students didn't 
feel pressured in the class/ Not afraid to speak 
out/ Relaxed atmosphere/ Teacher takes time to 
explain things/ Students feel good about going to 
Chem 30 


Il can't think of too many things right now/ Maybe 
more help with calculations. 
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TABLE 57 


Summary of Student Responses of Taped Interviews for Lab L2 


nc 


Questions 


1. General Feelings 
about Lab 


2, Opinions: ons 
Cajiopic 
(Purpose 


(b) Prelab 
Discussion 


(c) Design, 
Observation, 
Interpreting 
Data 


(d) Writing 
Reports 


(e) Marking 
Reports 


(f) Peers and 
Teacher 


3. Improving L ab 
Program 


Responses 


I thought this lab was rather inaccurate .. . 
because of loss of steam/ I found lab relatively 
easy to set up and do// You learn more this way/ 
You learn about your own mistakes/ We should have 
more time to plan. 


Kind of interesting but I don't think I would ever 
use it in my everyday use// I didn't see any thing 
practical in this lab/ Purpose was understood. 


It was quite useful// More information given and 
since this was the second lab, we were more at 
ease. 


No difficulty with DR or the OR/ At first 
calculations gave a high percent error... 
had correct calculations after all// No problem. 


Bereerai than sa \ OLsGr. <l)/ .t allows you, to 
do things in steps/ It sums up the whole lab// A 
lot more work but in the long run you learn more. 


I liked my grade but I had put a lot of work into 
the lab and I thought the mark reflected the work// 
I don't think you were marking too hard on the 
first lab/ I got a poor mark but it was because I 
didn't know what was going on... I was away 

for the prelab discussions. 


This class is easy to get along with/ I think I 

am learning enough/ The class is quite enjoyable/ 

Teacher lets us give our points of view/ I must 

do better . . . the teacher is doing his job// The 
atmosphere in Chem 30 is good/ No tensions like 

in some classes/ People can joke with the teacher/ 
This class is interesting and I find it enjoyable. 


We need more practice with labs like this one// 
The experiments we have to do should work out a 
little better/ My percent error was too high. 
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TABLE 58 


Summary of Student Responses of Taped Interviews for Lab L3 


Questions Responses 
ced enh ean ag an RS mercer te ae oo > Noe Lo ae ee ne 
1. General feelings In general it is more interesting to do a lab this 

about Lab way/ It is more of a challenge this way/ You find 


out what you really know if you have to do it yourself / 
This Lab widn't. look, like much. of,.a, Jabuat, hirst<- 

just crushing ice . ...-but there is more to it than 
meets the eye/ It was interesting// I like doing 

labs this way/ I don't like having to follow all 

kinds of directions/ It's difficult for me to 

figure out what I am supposed to be doing/ Easy 

lab to set up/ I had a high percent error... I 

don't know what happened. 


2% Opinionn ‘on: 
(a) Topic I don't know--I guess it is interesting to figure 
(Purpose) out how much heat is required to melt ice// It 
didn't seem too interesting at first--just ice/ 


(b) Prelab Going over what you did the day before helped// It 
Discussion was sufficient/ It didn't tell us why .. . but it 
told us enough. 


(c) Design, The FR is the report I find difficult/ I think we 
Observation, all find calculations difficult// Yes I changed 
Processing, my design while doing the lab/ I crushed the ice 
Interpreting and dried it before dropping it in/ Also tried to 


Data weigh ice before it melted--impossible. 
(d) Writing No trouble with OR or organizing/ No trouble with 
Reports calculations/ I like this system better// This is 


much better because you're not considering 
everything all at once// 


(e) Marking Fair/ I made a lot of mistakes// Adequately marked/ 
Reports The red ink helped a lot for the next lab. 

(f) Peers and Yes we help each other/ We always enjoy doing labs/ 
Teacher We are doing these labs on our own and we seem to 


be free to do what we want to do/ This leads to 
better understanding of what you're doing// This 
class is a challenge and I like a challenge/ I 

like to do things for myself/ I enjoy the class. 


3. Improving lab No, not really. 
Program 
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TABLE 59 Ne 


Summary of student Responses of Taped interviews on Lab M1 


a Ee 


Questions 


1. General Feelings 
about Lab 


2. Opinions on: 


(a) 


(b) 


Ce) 


(d) 


(e) 


(2) 


Topic 
(Purpose) 


Prelab 
Discussion 


Design, 
Observation, 
Processing, 
Interpreting 
Data 


Writing 
Reports 


Marking 
Reports 


Peers and 
Teacher 


Responses 


I didn't like this lab much. We had just started 
this unit and this lab didn't make much sense at 
first/ I like the freedom... if you make 

mistakes you are free to change/ tT don} ty;dlike,the 
idea of being rushed . . . not enough time to change 
anything and do it over// I am getting used to this 
type (of lab) after doing a few. The first three 
labs seemed more interesting{ This one was more 
like Chem 20. 


It was quite interesting but I guess I didn't 
understand about the table/ Interesting, I 
understood the purpose. 


You left out the matter about the table// For me 
it was enough. 


Doing the observations right after the lab is good 
cae seule dontte like. havinesto, hand. in the,report 
right away--not enough time for me. Interpreting 
data is most difficult// I sort of enjoyed the 
design. Observations were easy{ The other labs 
were harder. 


I am not sure which system I like better. I haven't 
done enough to compare// I would rather do three 
reports. Maybe it doesn't make any difference. 


I would say you're fair but I would not say 
you're easy// I am satisfied/ I can see why 

you mark the way you dof I think it's pretty fair 
compared to some of the teachers. 


You are a "fuss-pot" about details. I really en joy 
the class. When other people ask questions they 
help me get involvedd¢ I don't feel dumb about 
asking questions. I like to get involved and I 
want tog You seem to really enjoy your job and 
you get involved with the students/ Sometimes 

you rely too much on the smarter students for 
answers. That's okay. YOu seem fair as a teacher/ / 
Someone asking questions makes it better for me. 
In the lab you don't really say very much and you 
don't interfere with us { In class the atmosphere 
is good and I enjoy the class/ It was one of my 
favorite and I shall remember my grade twelve 
because of it. 
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TABLE 60 


Summary of Student Responses of Taped Interviews on Lab M2 


ee  ———— ———————eee 


Questions Responses 
Ree et) MPA, be ee 
1. Generl Feelings I found this lab interesting although I wasn't too 
about Lab sure about the color test at first// It was good 


lab. I understood more . .. Before the lab I was 
worried about what would happen. I feel that way 
before each lab. I should learn from my mistakes. 


2 Opinions on: 
€a) Topic The purpose was interesting although the lab was 
(Purpose) somewhat the same except we didn't know the species 
this time. This made it interesting// The purpose 
was good. I can see what the scientist who made 
up the table went through too. 


(b) Prelab Adequate except for the color test. Once I got 
Discussion going I knew what to do, however// It was adequate-- 
you don't want to give too much information away. 


(c) Design, I like designs. Especially the lab on molar heat of 
Observation, steam--I felt like a scientist! The DR and OR are 
Frocessing, easy but FR is more difficult// This type of lab is 
interpreting a lot harder(than ALCHEM). Observations are easy 
Data but processing data can be difficult sometimes. 

This lab wasn't too bad. In the FR you have to say 
something to show you know what is going on. 


(d) Writing I like this system better. You can take more time 
Reports to figure out what you are going to do and how you 

are going to do it// The old way was easier. But 

you didn't know what it was all about. It is sort 

of like taking the lab apart. It is a better way. 


(e) Marking I like this way of marking. It's fair// Sometimes 
Reports you get a little picky. My marks are one of the 
lowest in the class but I do think you are 
marking fair. I have no complaints. 
(f) Peers and I like this class and I like the teacher. I can 
feacher understand what is going on. The class is more 


interesting// I feel we are competing with each 
other. But for the most part my peers don't seem 
to affect me much. As for the teacher I definitely 
like the way you teach. In GradeX and XI kids had 
a sort of negative attitude but in Chem 30 they 
seem more serious. The teacher affects my attitude 


more than my peers in this class anyway. 


om = 
COE. 
OS 2s0AT 
7 

Sh) cht ne ahem paeoalael hegeT to secavqaal sees eit 
i a ne ae aera mn dale ans Ate noX Do) panel 6 cme r : ees 

eaeaegRed a egolse 
on a ae “ee ee a ocr tare iene a ee oy J ois ro - — . 


03 J'nanw f dauottie peipeeteans Cer eid? bein z vor ciao 
sso gate BE V\ oe Ph te ae Rees ena tuods paue : “sue 5 
sow f otf oe eebdet oo. y See Beedetsbon T Vaes 
aw tei7 S252 )] .eegqed Bivew dagw tuods ba hirew 7 
NR Iegh Vs oes a cael sal are S 4 G8d Aous stoted 


saw dat o¢Y ame nuiate yifgeetein? aay saaqted 
sade dhihe siwaina try J nbih av dge2k. emee ers tadwemee (eacqrut) 
stoyzud ody \iweitueretgt Sf tee eft .omit aiid _ 
ban oly Ine tedaben ily Jat eee tao 7 .neok Baw. i; Maria 
cot Agdqnan’ tary aida? edt qu ~~ ry hh 

tek ah ne leo at GMS | Lae etauooba dsfext fe} 
thupels @aw SL Vi aewawog vk: pee] a « went [ antop. mre <a 
“Une 40. a Any Hoe SeEp BS Goaw J*itoh Hoy ~~ : ; 


ion Talon (oO Got tt Qi teteee etagieed alti I saigised ts) ! 
mg WO bac A oat SH Lane (oars efe% vhs olay reeds”, a 
$ del, 30. sova 2a  HfurePeR ED of Ht gud yese <anlessvery 


feng ond’ in laren iy ath 
dette) Sead ae 
. te sepa wey Ld? Oras <bage 

im nb s— Iniy war a woe oF gaidsanes _ 


} (us Sag eGibs Terese fan ,  atds ontt I gatataw By 
‘Ov -wint Stee 4 git Sutos . © Jeo aeegttt 2 etroqes ae 
Ustad aa Vew- be Sait 


weiie Yrebsed fOr * aatsorqie dad hu! 
suiesacitg tug 
Oo wesw Yel ehiT 


Set VASE @b ot gating chinese 
TOR as) Bs, 1 Fare, ahe ci) + aap yond a’ nbid pay j i.e ae » 4 
Ca Tested Wh) ae) aa" era’ yt aes grited Saat. to ke | 
ae Dareoe 0 \ ee MEE ad oe yew «fdd set guttsslt (2) 
4 & 940 8th # ge efsrik 4394 vey atiogeil 
ozs ON eT iy i “ad ens nh 2egnel oT aT ait 
oe | exis) gaidtam | | | 
Be cir te ot Re wa. to eins eAit I bas ereeT ao - 
sies af SRNR date bredavebau zsdosoT 
dyuao dade wn teeta ow feet t \\sntreetasat 
oon jab stacy Yo tee daom ey “Tet st /redae 
‘fasintg tab { wléaew, add 1H ak Wain sim Isetis ot 
hal 2b2a Tk Ach A ebes2 Al. .eOeeP Oy Yaw do esti | { 
yads SF mea) al, Zad shusttée wehdtgen: to I3é0 8 —_ 
ohurirse Yn 92>9ite tetogeg sub savatis, oom meas hb, eo 
“oUTts Reet 2tH9 ae aReEg yr redd octom P | ey ne 
hs yipy i 
err 
7 as ,. 


304 
TABLE 61 


Summary of Student Responses of Taped Interviews on Lab M3 


eS 


Questions 


Responses 


rrr Ee 


1. General Feelings 
about Lab 


2. Opinions on: 
Cay’ Topic 
(Purpose 


(b) Prelab 
Discussion 


(c) Design, 
Observation, 
Processing, 
Interpreting 
Data 


(d) Writing 
Reports 


The. stoichiometry in M3 was a little more difficult. 

I think the way we are doing labs now is more 
beneficial. I didn't know how much to titrate the 
first time. It was tedious . . .// I found it rather 
fascinating. The color changes being accurate, 
precise, reading the buret. Interesting. This lab 

was more challenging than some of the other labs. 
Some parts of the lab were a little monotonous but ct 
was all necessary. 


Purpose was OK// Interesting. It was more involved. 
[Why?] Well you had to make a primary standard and 
it had to be right because it would affect the 
second part. 


If we had been told how much to use in this first 
titration I wouldn't have been so rushed for this 
lab// The half hour the day before sure helped to 
practice our titrating skills. I thought the prelab 
was adequate. 


Design and observation were not bad. The calculations 
were difficult until I caught on. Once the molar 
concentration was worked out it was OK// The design 
was very challenging. It was a good thing this was 
not the first lab--at this stage of the year it was 
OK--we were more familiar with designs. The FR and 

OR were not that difficult but the DR was the most 
challenging ... 


(Half of this lab you were told what to do while the 
other half you were not. How would you compare the 
two parts) Yes, Part A was like being back in Grade 
X--you were told what to do. [Which part did you 
find easier? ] They were about the same// I think 
this is a great system for doing labs. Last year 

I came to lab not prepared, not knowing what to do 
but now you forced us to know what's going on. It 
certainly makes me put more time in the labs. I 
know I spend more time. When you have to design 

you take a little more pride in designing your 

own thing, instead of following someone else's 
direction. I sort of like to be independent and 
draw up my own. 
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TABLE 61 (Cont'd) 


Summary of Student Responses of Taped Interviews on Lab M3 


Questions 


(e) Marking 
Reports 


(f) Peers and 
Teacher 


Responses 


I liked this better than [last year], My mark was 
not high but it was fair// This one was marked 
fairly. inthis lab it was OK but in the first lab 
you were a little picky about significant digits. 
I can't really complain. I can see where I lost 
marks when I started to read into the lab instead 
of sticking to the data I got. 


I liked being in this class. I liked what was going 
on. The teacher was OK. The class was different. 
You seem to care about us. It has a personal effect 
on us// This class is a lot more free than a lot of 
other classes I have been in. You encourage 
discussion among students; for instance, that day 
you gave us a problem. . . then instead of letting 
us tell you the answer you had .. . that was very 
interesting. Coming into this class I was a little 
worried ... but after a few classes my anxiety 
went away. I feel one of the best things you do is 
to encourage students to speak out. I sure have no 
complaints about the teacher. 
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TABLE 62 


Summary of Student Responses of Taped Interviews on Lab M4 


a Le 


Questions Responses 
ea I ec a cali ie lly ES SS ak 3 eR abi i ee ee nee 
1. General Feelings I thought this lab was pretty good. It related a 
about Lab lot of electrochemistry for me. 


2. Opinions on: 


(a) Topic The topic was very good .. . the EMF's were not 
(Purpose) pulled out of a hat. They actually can be proved 
experimentally. 
(b) Prelab 
Discussion It was self-explanatory. Adequate. 
(c) Design, I enjoyed the design part. You learn more about 


Observation, the lab because you have to think about it before 

Processing, going into the lab. Easy to record. [Did you have 

Interpreting trouble organizing data?! This lab was more 

Data difficult but most of the labs are easy to do. 
Once the DR and OR are done it's pretty easy to 
do the interpreting and processing. 


(d) Writing I prefer doing it this way. You do learn a lot 
Reports more when you do it yourself, although sometimes 
you do need help or you will be more confused. I 
prefer doing it onmy own rather than have 
everything laid out for me because things aren't 
laid out for you... like going to university or 
when you're out on your own. 


(e) Marking My marks have been good. I think they are marked 
Reports easy. 

(e) Peers and I enjoyed our class. Each person has their own 
Teacher views and not afraid to express them. Everyone 


is participating. I think [the teacher] he is a 
very good teacher because he doesn't just stick 
to blackboard chemistry. He gets everyone 
involved. [What about all labs in general?] The 
titrating one was very interesting. [Why? ] It 
hasiea, Lot of work in ‘it. . . it posed more 
problems. 
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TABLE 63 


Summary of Student Responses of Taped Interviews on Lab Nl 


nD 


Questions 


Responses 


Be rr se a 


1. General Feelings 
about Lab 


2.) Opinions ;on: 
a ecLODLC 
(Purpose) 


(b) Prelab 
Discussion 


(c) Design, 
Observation, 
Processing, 
Interpreting 
Data 


(d) Writing 
Reports 


(e) Marking 
Reports 


It was very interesting. This was the first lab 

in a new unit and the first lab is usually harder 
than the rest. I knew after the lab what indicators 
were all about. In these labs you have to be able 
to understand the information. The system forces 
you to learninorder to do the lab// I generally 
understood what was going on before going into 

the lab. Predicting was kind of interesting. This 
way you have to understand it before going into 

the lab. You know what you have to do. 


Unique. In previous grades the theory didn't seem 
to apply to real life. The purpose was interesting 
because the predictions and the observations didn't 
always follow each other. [Explain] Well, before 

if things didn't work out the teacher just pointed 
out why. Here, we have to explain the difference 
why. Here, we have to explain the difference 
between theory and observations// The purpose 

was to illustrate everything we studied and within 
certain’ Limits it did. 


Adequate// Adequate for this lab. We understood 
the theory. 


Designing is better than being told but it is not 
[easy]// Designing or recording were not problems. 
I didn't understand why some reactions didn't 
work. I understood those that did work. 


I like this one better. A better way to learn and 
easier to learn// I prefer this way. It is a good 
way of organizing yourself. I didn't see much 
sense in doing labs the way we used to [previous 
grades |. 


You were fair in all cases// Good, though the 
teacher is a little fussy sometimes. It doesn't 
hurt. 
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TABLE 63 (Cont'd) Ave 


Summary of Student Responses of Taped Interviews on Lab Nl 


i 


Questions 


(£) Peers and 
Teacher 


3. Improving Lab 
Program 


Responses 


There's a good atmosphere and I like the 
competition. You seem to enjoy teaching us and 
everyone gets involved and promotes learning// The 
Teacher gets really excited about things sometimes 
and makes it pretty interesting and that keeps 
(one) interested. Some of my peers make it harder 
for me. They seem to understand it a lot better 
than me. This makes it harder for me. But I like 
this system better. My classmates help me. But at 
least I understand what I'm doing and it ties in 
with the unit. 


Yes, cut down on the number of labs. Some of the 
subjects should be investigated [pursued] in more 
detail. 
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TABLE 64 407 


Summary of Student Responses of Taped Interviews on Lab N2 


Fo a I YB IES Seem A RN Ea ee  eomen 


Questions 


1. General Feelings 
about Lab 


2. Opinions on: 
Ca) “Topic 
(Purpose) 


(b) Prelab 
Discussion 


(c) Design, 
Observation, 
Processing, 
Interpreting 
Data 


(d) Writing 
Reports 


(e) Marking 
Reports 


Responses 


I believe this program is a lot better than in past 
years. This wasn't very difficult but it kept your 
interest.// I liked the experiments we did this 
year because we were given a chance to think about 
what we were doing . .. last year we were told 
what to do. We were told somethings in this lab 
but it was kind of challenging and made it more 
interesting. I didn't like the fact that we were 
not given the final concentration so we could 
figure out what we did wrong or have an idea [about 
the concentration]. I guess that made it all the 
more challenging. The lab experiments seem to be 
important this year. 


The purpose was straight forward but difficult to 
carry out. It was interesting// A good experiment 
. « e it took a lot of skills to do the experiment. 


Quite adequate. The lab was straight forward and 
not as much was needed as in the other labs// 
Adequate, No question about what we should do or 
should not do. : 


Because we made the design we knew exactly what to 
do. I had no problem and I found the processing 
easy. This was a warm-up for Lab N3// [Few] 
problems with the design and I got a very small 
percent error so I must have been doing somethings 
right. I had [few] problems with the 
interpretations since earlier this year we had 
been shown the principle that was needed in this 
experiment. 


More interesting than Chem 10 & 20 but getting 
the OR done before the end of the period was 
difficult but generally there is enough time it 
you watch it// I like this system better. In 
order to write it up we had to know what was 
involved. Handing in the observation report at 
the end of the class forced you to use the 
results that you obtained in class. You weren't 
able to change them. 


Generally fair. Your remarks helped// Marking 
was fair. 
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TABLE 64 (Cont'd) 


Summary of Student Responses of Taped Interviews on Lab N2 


Questions 


Responses 


ere reece TE tC A A CE IETS CO CE EC A LL LD, 


(f) Peers and 
Teacher 


Some students want to make the lab harder than it 
really is. [Explain] They ask a lot of questions 
which do not have (any bearing) on the lab, and 

this does more to confuse me because I hadn't 
thought about it. You didn't have much to do with 
the lab part, that is, you let us do it the way we 
wanted to although in this lab you pointed out that 
our techniques were poor and you helped us this 
time. [What do you think about that?] It's 

quite good. You also let us make mistakes and 

don't interfere. That's good. If you make a mistake 
then the next time you have achance or remembering 

. . .// My peers helped with the course. The teacher 
wouldn't help us with the FR and would not answer 
any questions. This forced us to think for ourselves 
and not just do what we were told. 
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TABLE 65 


Summary of Student Responses of Taped Interviews on Lab N3 


A 


Questions 


Responses 


erence errr en ES LT 


1. General Feelings 
about Lab 


Ze Opinions on: 
(a) Topic 
(Purpose) 


(b) Prelab 
Discussion 


(c) Design, 
Observation, 
Processing, 
Interpreting 
Data 


(4) Writing 
Reports 


(e) Marking 
Reports 


Pretty interesting, not like Chem 10 & 20. I think 
you can learn more about labs by doing them on your 
own. You had to apply what you had learned 
previously and it put more pressure on me to see if 
I could get the expected results. This is a better 
way to do labs// I find titrations interesting. Easy 
to understand and to follow. [Why do you like 
titrations? ] You have to be very accurate and I get 
a feeling of satisfaction when I do it right. I 
like to design and record the way I want to. 


Good excep I was (worried) about applying my 
results (from N2) to this lab. It was interesting// 
It was a little more complex--more things to think 
about. 


As the year progresses we are being told less and 
less. We are able to do more of it on our own. The 
results that most of the students got were very 
accurate so this proves that everyone knew what 
was going on at least// No prelab was necessary 
because it was just an extension of the lab we 

had previously. For most of the other labs 

it was adequate but sometimes it was little short 
of what I expected. Usually by the end of the lab 
I knew what was going on. 


The design is a good idea. You had to read and 
understand before . . . The observations didn't 
always turn out the way I expected them to. I had 
trouble with the processing// No trouble with the 
design and the observation was easy to fill smales af 
usually had trouble with the interpretations. lI 
don't always know what you want. I don't have 
trouble with the math usually. 


I like the three reports--you get a much better 
idea of what's going on// I prefer this system. 
It sets apart three different states of the work. 
It is a more organized way to do it. 


I didn't really like the mark I got on this lab 
but it was fair. The other labs were marked fairly; 
and even though results are "way off" if the work 
is correct you can still get good marks. Yes, I 
think it is a good way of marking// I thought you 
were generous on this lab but on some of mine I 


thought you were a little stingy and a little picky. 
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TABLE, 65 (Cont"d) 


Summary of Student Responses of Taped Interviews on Lab N3 


Questions 


(f) Peers and 
Teacher 


3. Improving Lab 
Program 


Responses 


Sometimes it was frustrating and you could ask 

them (peers) for help. I found it frustrating 

going into the lab and not knowing what was going 
on and then the teacher would not help. Except it 
was better in the long run. It puts more 
responsibility on us to know about the labs. I 

got better as the year progressed. It was quite a 
change from getting everything giventous to having 
to interpret on our own// My peers gave me a 
positive attitude. The teacher affected my attitude 
in a positive way and because he expected us to 
think . ... If you had taken a (lesser) role, I 
might not have thought about things or tried to 

put out as much. It was because of your 
(expectations). 


More emphasis should be placed on the purpose// 
I think grade twelve is a bit late to start a 
program like this. You should start in Grade X 
or in junior high. 
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TABLE 66 


Summary of Student Responses of Taped Interviews on Lab N4 


oe a ee hk a i a i ee ae, 


Questions 


Responses 


1. General Feelings 


2.) Opinions on: 
(a) Topic 
(Purpose) 


(b) Prelat 
Discussion 


(c) Design, 
Observation, 
Processing, 
Interpreting 
Data 


(d) Writing 
Keports 


(e) Marking 
Reports 


(f) Peers and 
Teacher 


I liked this lab. It's interesting to do a lab 
where you don't have a specific problem and you 
have to find it yourself. It can be kind of 
frustrating too. This time we weren't given much 
to formulate our own hypotheses. Nothing was given 
here and this was interesting to go all the way 
through and find it yourself. 


The topic was interesting but purpose was somewhat 
vague. There was not much to actually doing the 
lab but the prediction was more interesting and 
challenging. 


The prelab was adequate. You can't discuss it too 
much because that's what you're trying to do. 
You're trying to find that theory by yourself. 


The hyposthesis and the predictions were pretty 
interesting. DR and OR were easy to do, but after 
discussing it in class today I guess I missed a 
few things. Processing the data was not too 
difficult for me because the data fitted my 
hypothesis just the way I predicted it would. 

I interpreted my data verbally. I couldn't do it 
mathematically. I didn't make too many assumptions. 


I like this system this year. You get a better 
understanding of what you're studying. Yes, it is 
more work and more frustrating but the work pays 
off and my marks have improved. 


I was pretty satisfied with the marks this year 
up to Lab N2 and N3. The one depended on the other. 
I guess I deserved to be docked. 


I liked chemistry this year. We (peers) worked 
well together. It was a pleasant class to come 
to--there were no conflicts and no real worry. lI 
enjoyed it. 


yo 4aeeT 


ae dad tee wubseraaat pave ot veut aout 0 


or es ge —~» sa ian meieald ee 


= is 


eee ee ae et ne ee RN RA Nanette weiner am - - ~ 7 i 
sf 8 ob pd gniteoretit ail) .dal aids conti t 
ume hile agp iter, ebtsesge & Sea 2'agb vo¥ gos 

to bitlt pd wad 72 <b ieemey Gh bolt 42.2 

Sn DELS I°Retsw Sp ite ae 4ST «O03 oitttetiantt 
avis «ew wigiivok eRe ISY HE, Pwo esolorot 0 
voy od2 Lie op. oF autsedrased ‘eae clit ons aren 
A1¢gegucy. bP /hall dns tie 


a ed 


iniwomee tev acogawe), gue wanbsgengans teu ofgot eT | 
wit paied yi thvdoe ad tane Sgn eer otoft .ougee Cekogsvt) 
4s aid taonaaied $700 we Wesbakterg eds tud dak be 

: | — sarulgne Lied 


od a) eamoeit e* oan dot esieepebe War dslexg sdT 
vob of shdveas et eow Sie ited? Gavsoed tacm nokeawaeid 
Jtleenrey va viterdts (ANd DP he) goieys oF’ voy 


itary eten enadwothegse old iden saoqed 2a - ~ £asd- 42), 
sts tof ,Ob 2 ease. eee Abe tp Yi .gsiseoustnd ,noitevresed0 ,. 
: tosotm Saag T yebod sage de od gudeensetd .. ,gnteesoosy 
4d tee saw aged ods anaaenees ~eaein? vet gaitvstasetal | 

i, ‘oat L #2Sin Ane oy ome Sot Alu LzdIh i 
cigow 12) Ses akbeiy 2D (eee geet eteaddorgt = 
rt ob 9's og),t ‘abganbon sah YR Gesetgrasni I 
Amel teiwiss aire hae 5 tat i eb?h j 2H ibe tremod dea 


1e3tad » Jey ody peasy SEAS segs sido salt 14 
ef 2f dat pak cpente BTtxo¢ darty ¥ golbnstexebrar 
eyvaq 6M 4 + See Ne yaert arort bak #3ow arom 
Da TOp gE vad nicee wt bes 220 


teey 2ids éeaen end sige | dhe qtresy saw f 
latte silt do hobiegeb Sie CM hase dal.et qu 


“Eqn oR SHAR faersend « . pag, I 


bedrow Poet ‘p — Madeinnio bekti t+ 
Shwe of eaato Bisse + at + Xevitogo? time 
[ throw dsst dn fine eee OM Stew otort--o0 

| a2 Seo] sr 


APPENDIX M 


SUMMARY OF WRITTEN COMMENTS 
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TABLE 67 


SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB Ll 


Lab Ll: Molar Heat of Chemical Change 


re rr 


Student Written Statements 

Ol Because this was the first lab I was unsure of what I was doing. 
I should have studied more theory and asked more questions before 
lab. 

02 I think it is good that so much of the planning is left to us. 

03 n/a* 

04 I am confused about how to find the molar heat of a reaction. 

O05 I liked the way we were allowed to set our own experiments. 


for the first lab we should have processed data together. 

06 This lab was more enjoyable and demanding than ALCHEM 20. 

O07 I had difficulties with calculations. This type of lab helps. 

08 I enjoyed doing labs that I designed. But I am used to Chem 10-20 
type of labs. 

09 I got a large percent error. I found the calculations hard. I 
enjoy doing labs this way. 

10 I had difficulty with the Final Report. I enjoy being able to plan 
the lab myself, although it is more difficult this way. 

fal I had some problems in the lab because it is a change from 
(Chem 10-20). It is good to let us do most of the work but at 
this time some guidance is needed. I had a hard time trying to 
find out what we are looking for .. . it wasn't spelled out like 
Pt ‘usually ‘is. 


12 I was not sure how to organize the Final Report. 

1S Lab itself was not difficult but calculations were. I enjoyed 
being given the opportunity to do (design). 

14 Lab not too difficult but the calculations were confusing at 
first. 

PS I would appreciate more guidance for processing data. Designing 
was OK. 

16 I found it hard to decide what really was required because I was 


used to everything being given to us. 

Ee Of all the Chem labs I have done through high school this is the 
one I put the most thought into because I had to design the 
experiment. I would like at least one class between OR and DR to 
ask questions. 

18 I had little difficulty with DR and OR but did with FR. 

Le Setting up our own labs is great, but it seems hard now because 
I have never done it before. Guidance should be given for at 
least one more lab. 

20 I was not sure what to include in OR, I had difficulties with 


calculations. 


“n/a means not applicable 
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TABLE 68 
SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB L2 


Lab L2: Molar Heat of Vaporization 


a Re 


Student Written Statements 
ee 


OL I will have to improve my design to eliminate error. 

02 I think I know how to do it but I'm not certain. 

03 More time is needed to try again with new improvements. 

04 I believe I could eliminate high error with a new design and 
redoing. 

05 More trials would improve my results. 

06 The experiment was difficult with the suggested apparatus. I am 
still having trouble with calculations. 

07 n/a* 

08 I had difficulty with calculations. 

09 This lab was confusing at first but once organized it wasn't 
too bad. 

10 The hardest part was setting-up. The calculations were easy but 
produced a high percent error. 

ay n/a 

jee I would like to try again to get better results. 

5s If we had proper equipment, it would not be too difficult. 

14 We had a high percent error. We realized it was due to steam 
condensing. 

KD After looking over the results, we could not figure out the right 
way to calculate. 

16 Lab was not too difficult. The first trial did not give reasonable 


results. After changes in design the results became quite reasonable. 
It is better to find this out during the lab rather than have it 
pointed out. The way the lab is set up now is good. 

iy This lab was much easier to do and understand than Lab Ll. Perhaps 
I was more familiar with the work, and instructions given in the 
pre-lab were straightforward. 


18 The apparatus was difficult to properly adjust. I had trouble with 
calculations. 

19 Lab was not necessarily difficult but inaccurate. Steam was lost. 

20 n/a 


*n/a means not applicable 
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TABLE 69 oe 


SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB L3 


Lab L3: Molar Heat of Phase Change 


cca et se ne 


Student Written Statements 
LS pws iene IE ee 209 2 Ee ule ene 

Ol This experiment was not a flashy one, but it allowed us to see 
laws. 

02 Not very exciting but helps us understand principle. 

03 It seemed easy enough but I would like to perform experiment 
over again. After I found out what they were about, I like to 
compare. 

04 Even though it was just melting an ice cube, it is the theory 


and trying to be accurate that makes it challenging. We get some 
idea of molar heat in a practical situation. 


05 The lab may not have been very challenging but it required that 
the procedure was well known and instruments used carefully. 

06 Lab a little easy. However, it helps us--builds confidence, 
enables us to become more efficient doing labs. 

O07 I felt more confident doing this lab. It was easier because we 
had done two similar ones. Should do more in this unit. 

08 This lab wasn't too bad but I preferred Lab 2. I would like to 
redo Lab L2 to get better results. 

09 Lab was not hard to carry out but it did involve many basic 


skills. I am becoming more confident and things are running 
smoother. It was interesting. 


10 Not too difficult but the principle of molar heat was illustrated. 

ci Although more challenging, I now know what a phase change is. 

i Performing the lab was not difficult but evaluating data was 
challenging. There is more to it than there seems to be. 

1) Not too complicated but there should be more experiments in this 
LUTE. 

14 The results were not very accurate. 

LS I felt more confident about doing this lab. 

16 The lab was as challenging as a person doing it wanted it to be. 


I would like to repeat Lab L2 not because I don't understand the 
principle involved but to get better results. 

Vi I forgot to account for the energy change of the melted ice... 
everything else was OK. 

18 After doing Lab Ll and L2 this was easy. 


Lg This was easy to perform. I was surprised to find I had a high 
percent error. 
20 nia 


*n/a means not applicable 
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TABLE 70 


SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB M1 


Lab Ml: Introduction to Redox 


i 


Student 


Written Statements 


Pn a a aS 


Ol 


I did not realize the significance of the table we made up in this 
lab and the Reduction Potential Table. 

n/a* 

The experiment was easy and didn't seem like much until you 
explained the table and the spontaneous reactions. 

Easy enough but I could have used more time. 

Interesting. I found the experiment challenging. 

Easy enough, although I missed recording a spontaneous reaction. 
An easier experiment than the previous ones on energy. I needed 
more time, however. 

I did not realize at the time that the ions and metals could be 
placed in a table that was like the Reduction Potential Table. 

n / ka 

No trouble recording data but the catch is this lab is to go 
beyond the problem when interpreting the data. 

Easy to understand and follow. 

n/a 

n/a 

The experiment was straight forward and easy to follow. 

This lab did not seem very complex. 

More guidance was necessary before the lab. We didn't know much 
about OA and RA before this lab. 

Easy to do but I didn't finish in time because I was disorganized 
at the beginning. Not too difficult to interpret data. 

Easy. 

There were few sources of error. Easy to do. 

n/a 


“n/a means not applicable 
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TABLE 71 


SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB M2 


Lab M2: Electrochemistry - Spontaneous Reactions 


an ene teensestonsemstte 


Student 


Written Statements 


ee 


06 
07 
08 
O09 
10 
1l 
2 


5 
14 


15 


16 


17 


18 


ihe 


20 


Determining the agents was difficult to do. We had no method. 

Lab was very interesting. I am sure I tabled my results correctly. 
It was easy to make mistakes in OR and in interpretations. 
Basically the same as Ml but a lot more challenging. 

Not knowing what solutions we were actually using made the 
experiment interesting and the outcomes were (unpredictable). It 
was more challenging to do the experiment correctly. 

Good application of theory learned prior to lab. Color test 
confusing. 

The color tests were confusing in this lab. It was interesting to 
see the color changes. 

The color tests were confusing. 

This was a very mysterious experiment--not knowing the solutions. 
I had trouble interpreting my data because I didn't really 
understand the use of the reduction potential table when I wrote 
the FR. 

This experiment was a little more challenging (than Ml) because 
you had to figure out which were the agents. 

n/a* 

I was confused with the color tests. 

It was difficult to do the design report without knowing what 
was supposed to happen. After learning about the color tests the 
lab was less confusing. I found it interesting to try and figure 
out the agents. 

I wasn't exactly sure how to process my data because of the 
color tests. 

Usually we are told what to do and how to do it. We had to 

think in the FR. This was good. 

It would have helped to have the color tests explained first. 

I was confused at the time of the experiment. 

The procedure was fairly straight forward. l found the FR most 
difficult. I didn't know what the reactants were. 

I am beginning to see more how to do these experiments on my own 
and how to design the labs. Teaches a person to think on his own. 
This lab was quite easy to perform. The color test confused me 
ati firsts 


*n/a means not applicable 
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TABLE 72 


SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB M3 


Lab M3: “Redox Titration 


i a 


Student 


Written Statements 


ee 


Oy 


02 


03 


O04 


18 


by, 
20 


Designing your own steps is not as easy as (conventional) labs but 
you learn more. 

I would rather write my own steps because it is easier to remember 
what to do next. I had trouble with the final report. 

I like the procedure given but I like to make changes if and when 
necessary. 

I prefer to follow steps that are given for the first lab in a 
new unit but for (subsequent) labs in that unit steps are not 
needed. 

This experiment was interesting because it was different from 
others. 

Too little time to set-up the experiment. 

I need more time on the buret and pipette. We should have another 
lab. 

I found this lab challenging and I had trouble with FR but after 
some reading I understood how to calculate the concentration. 

The lab was easy to perform but I had trouble with interpretations. 
The lab was challenging. I had trouble pipetting. 

This lab was challenging and difficult. More prelab was necessary. 
The lab was confusing at first but after the lab I realized how 
to do the calculations and the Final Report. 

I enjoyed this lab. It was challenging but not too dit tiicult. 

More time needed for Part A but the rest seemed to run smoothly. 

I did not know how to calculate the concentration from data 
collected. 

I was not too sure about what to write in the interpretations. 

It was easier to carry out the given procedures but I was not as 
confident going into the lab as I would have been if I had drawn 
up my own procedure. I put more thought into the lab if I have 

to design. 

The part of the lab (Part A) was not as challenging as Part B 
because the steps were given. I had a feeling of accomplishment. 

I liked how the lab progressed. 

I had trouble with the titration and the calculations. 

Being given the steps is OK but it also makes you rely too much 
on the lab manual. It is not your own. The calculations were 
simple enough although I did not know exactly what to include 

in the FR. I messed up titrating a few times. 
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TABLE 73 


SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB M4 


Lab M4: Electrochemical Cells 


eS OE 


Student 


Ol 
02 


03 


ies 
20 


Written Statements 


I had trouble organizing myself and I was short of time. 

Lab not too hard to do, and I was sure I knew what I was doing. 
My results puzzled me. 

The sutdent voltmeter did not produce the readings I expected. 
I was short of time. 

n/c* 

I found the lab interesting but there was a high error. 

A lot of time needed to prepare this lab. 

The student voltmeter was not very accurate. Interesting lab. 
n/c 

Not too difficult to do once I figured out what to do. 

The reports were not difficult. 

No difficulty with the reports. 

The student voltmeters are not accurate, and not enough time to 
use the VTRM. 

I was a bit confused with the FR. 

Everyone should have had the opportunity to use the VTIVM. 

Still not sure about how specific to be in DR, OR. FR OK. 

Not enough time to repeat any parts of experiment. 

Interesting lab but difficult and challenging. 

DR was easy. I knew how to construct the cells, but the FR was the 
most difficult because explanations had to be found. I found it 
interesting and challenging. 

No trouble with any reports. 

n/c 


*n/c means no comments were made 
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TABLE 74 


SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB N1 


Lab Nl: Bronsted - Lowry Reactions 


me 


Student Written Statements 
EEE a eee Ne ee na aN TIS Ss NCH ye = vet EE OY RS Re TO vO 
Ol n/a™ 
O02 It was interesting to see whether or not my predictions came 
true, but I found it hard to explain the changes which were not 
predicted. 
03 A very interesting lab and an excellent application of Bronsted- 


Lowry Theory. Conflicting observations . . . were frustrating and 
difficult to explain. 


04 Most of my predictions turned out . . . but hard to understand 
some of the conflicting data. 

05 n/a” 

06 I had difficulty organizing data for my OR. 

O7 The lab was relatively easy except I misinterpreted one reaction. 
But 1 knew what I had done wrong. 

08 Viha: 

O09 My predictions were (incorrect). I had trouble with the indicators. 

10 A lot of tedious work . . . cleaning. all those test tubes... 

Ld, I had difficulty explaining why some of my predictions did not 
work. 

12 We were rushed to repeat some of the (tests). 

13 n/a 

14 Interesting lab. 

5 n/a 

16 I enjoyed this lab .. . it kept me busy. Predicting acid-base 


reactions is fairly easy. However, I had a problem explaining 
why two of the indicators changed when they shouldn't have. 


17 It was difficult to organize my data for so many reactions. 

18 I felt there were a lot of things to do and I was rather rushed. 
I found this lab interesting . . . some results were unexpected. 

cg Since I didn't know what was going to happen I didn't understand 
what to do. 

20 I had difficulty explaining why two of the experiments did not 


change like I had predicted. 


*n/a means not applicable 
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TABLE 75 


SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB N2 


Lab N2: Standardization Titration 


coon A AL ED 


Student Written Statements 
eta esi ne ae rhein rh oe einen yaar ee eee erent enn ee 

Jl I liked this experiment. It was fairly straight forward yet 
challenging. Accuracy was important. 

02 nya® 

03 This and other labs were challenging. The idea is to get the 
best possible answer. 

O04 n/a 

O05 I think I understood the principle but I suspect my HCl 
concentration. 

06 More time should have been given to teaching proper titration 
techniques. 

O07 I'm glad little help was given. It gives us a chance to think. 

08 I found it very confusing to try and figure out the concentration 
ofrHGls 

09 n/a 

10 Getting the results or observations was easy but the application 
of theminthe final report was difficult. 

Ek It was very easy to overshoot while titrating. 

2 Arriving at the end point was difficult. 

LS My results for all trials were similar. 

14 n/a 

25 n/a 

16 Very challenging experiment. 

ey n/a 

18 This experiment was challenging. An excellent Lldustration 
of acid-base stoichiometry and polybasic species. 

#9 This lab was interesting and challenging. 

20 This experiment was confusing at first. 


“n/a means not applicable 
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SUMMARY OF STUDENT WRITTEN COMMENTS FOR LAB N3 


fab N3e Vritration — NH, 


ED 


Student 


Written Statements 


fin eects intone snaypnoner nie ea ores senna ae 


vhs 


14 


5 


16 


Ey 


18 


Lg 
20 


I had trouble drawing a titration curve. 

My NH, concentration may be totally out because I'm not sure of 
my HCl concentration. 

Everything done here depends on what you did the day before. 
n/a* 

Difficult lab because the results depend on Lab N2. 

I don't feel confident about my NH, concentration because of all 
the errors and the value of HCl concentration from Lab N2. 

n/a 

I still have trouble understanding titration curves. I really 
enjoyed this lab. It was the most challenging to date. 

This lab was too dependent on Lab N2. 

I did not like the idea of using the concentration of HCl from 
Lab N2 for this lab. 

Generally I don't like labs . .i. but titrations are much better. 
I have improved my titration techniques since Lab M3. Mo7 
would have been a better indicator. It would be more difficult 
to overshoot. 

My NH, concentration is unsure because of the HCl concentration. 
Questions on N52 were okay except for the titration curve. I 
still have problems with them. 

I felt I knew what I was doing in this lab. It went well. 

I liked the experiment but I'm not overly confident about the 
results. 

It wasn't easy to arrive at the end point. 

This lab was straight forward and easy to understand. I like 
titrations. It is interesting to see how our results will 
compare (with the teacher's). 

This lab was not very difficult to perform but the final results 
are too dependent on results of Lab N2. I was not very confident. 
I had trouble with the titration curve. 

n/a 


“n/a means not applicable 
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Summary of Lab N4 Student Written Comments made on the solicited 
Question: "How do you like this type of laboratory experiment as 
a learning experience?" 


Lab N4: Common Ion Effect 


i 


Student 


Written Statements 


ee 


Ol 


02 


03 


O04 
O5 


06 


07 


08 


09 


10s 


(a 


13 


14 


15 


A good way of learning. DR and FR the key; however, handing in 
the OR was a tense situation at times. 

I liked it because I had to organize my thoughts and I knew 
what I was doing before I went into the lab. There is more than 
one way to perform a lab. 

Labs need to be done more than once. I like to modify my design 
but unfortunately we did not have time and noon-hours were not 
convenient. 

Absent 

More time was required by me in doing these labs (than for 
ALCHEM 10 and 20) but it was worth it. I felt more confident. 

I liked the freedom given to the student. 

A very interesting way to approach problems. It seemed more 
"scientific" and more challenging. 

I learned a lot from doing it my way. If I made a mistake I had 
a chance to do it over again. Designing labs was good and I 
became more aware about exactly what I was doing--maybe actually 
thinking like a scientist! 

A good method. Writing DR gives us a better understanding. The 
OR helps to organize data and see relationships. 

A good idea to do more of the lab ourselves--we seem to learn 
more. Difficult at times without some of those hints. 1 enjoyed 
Chem 30; was very interesting--more than ALCHEM 10 and 20. For 
the first time I liked learning chemistry. I had time to think 
of what I was doing and was able to understand it. 

It is easier to follow the lab manual but in doing the design 
you learn considerably more. 

It is a lot more work than (ALCHEM 10 and 20) but the extra 
research and time spent preparing make the labs that much more 
worthwhile. We had to learn from our mistakes. I found the labs 
enjoyable and challenging especially the titrations. 

We have to understand the lab before we do it when writing DR. 
This system should have been started in ALCHEM 10 and 20. A 
good system. 

This type of lab is much more challenging (than ALCHEM). Instead 
of following directions you are made to think about what you are 
doing. I learn more this way and I found the labs much more 
interesting. Some of the labs were very long. 

I liked the program this year because Il felt part of the class. 
In Chem 10 and 20 I just did as I was told but in Chem 30 I 
felt I was making a good contribution to the class. 
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Student 


Written Statements 


ae 


16 


17 


18 


These labs are a lot better. They force a person to think and 

are more worthwhile. 

This type of lab is better than the "work-book" type. These labs 
are a lot of work however. But they make you think through them 
before .. . Doing your own DR made things a bit less frustrating. 
I liked being more on my own in Chem 30, and there were more labs 
this year. 

As a learning experience the type of lab we did this year cannot 
be 'beat'. I learned more about doing labs this year than I did 
in any other previous course. It took more time preparing, 
however. I enjoyed the lab set-up very much this year. 
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SUMMARY OF UNSOLICITED WRITTEN COMMENTS ON LAB N4 


Lab N4: Common Ion Effect 
nn cn ED 


Student Written Statements 


Sa A aS SS 


Ol I feel the lab program was successful. Interesting. 

02 n/a” 

03 I like doing labs once (then thinking about it) then modifying 
design « e 

04 n/e** 

05 Unsure of my hypothesis and predictions. 

06 More work doing these labs (than ALCHEM 10-20) but has paid off. 
I feel more confident. Know the material better... 

O07 The interpretations for this lab were the most difficult. 

08 I enjoyed this lab except writing the FR. 

09 This method of doing labs is good. DR gives a better 


understanding of the skills needed and the reasons for 
techniques used. OR and FR (same as DR). 

10 It was difficult to predict in this lab. 

aE Labs were very interesting although it would have been nice to 
have a lab which dealt directly with the outdoors and things 
that affect our lives directly. 


4d I hope we will go over (this lab) in class. 

13 ie aes 

14 n/c 

ts) Writing our own DR meant we had to know what we were going to 
do--not so last year. 

16 I had a better understanding of what was happening in the lab 
this year. 

7 n/c 

18 n/c 

19 The common ion effect was not covered in class--more informaton 
was needed. 

20 n/c 


*n/a means not applicable 


aL. 
“*“n/o means no comment 
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Teacher's Log - Lab Ll 


Field Notes 


After going over the rules of safety on page 3 of the 
laboratory manual (Revised ALCHEM 30 Laboratory Investigations) 
students spent the rest of the period equipping the lab boxes. 
Students were looking forward to the year's lab work. 


Lab Ll 


Students asked many questions in spite of being told not to 
ask questions during labs unless materials were needed or an 
emergency arose. Getting in the DR's before the lab work session 
started was difficult and many students had not prepared the OR. 


During the experiment there were few problems with the 
neutralization. Some worried about the end-point since no 
indicators were provided. Bb , Mo, HPh, and litmus were issued. 
Some indicators showed the acid solution to be slightly more 
concentrated than the base. Some measured the difference and 
wanted to know what effect the difference would have. It was 
their problem to solve they were told. 


The post lab discussions were mostly about problems and 
errors in the reports. The majority failed to express their 
design in quantitative terms; and many errors about formats, 
cover pages, significant figures and other reporting techniques 
were made. In the OR the errors were: failure to record only 
that which was measured, failure to record all data, confusing 
observations with conclusions and inferences. In the FR the 
errors were; calculating molar heat; distinguishing between H 
and OH and also between the heat of reaction and molar heat 
of neutralization. The interpretations in the FR were weak. 
Marking the lab reports was onerous. 


General Impressions. During the laboratory session many 
students seemed lost and asked a lot of questions. Problems with 
equipment, procedures, and general techniques were the main 
reasons for the difficulties, and it was apparent that students 
were not solving their own problems but expected the teacher to 
do so every time a problem arose. Upon being told to solve their 
own problems many expressed surprise but went about the task 
willingly. The enthusiasm generated during this first lab was 
undoubtedly due to the novelty of being in the laboratory. It 
would remain to be seen if the teacher or nature of the experiment 
were contributing factors. 
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Teacher's Log - Lab L2 


Meee eee eee a a 


Date Field Notes 


Pe ee eee 


fi.oe Lab l2 


Although students had been told there would be sufficient 
time to complete the experiment many students came early during 
the noon-hour to assemble apparatus, cut and bend the necessary 
glass. 


During the lab period designs were being changed almost after 
every trial. The pinch clamp shown on page 6 was a source of 
concern for many students. (See Lab Manual). Many students 
experienced failures in attempting to measure the molar heat of 
vaporization, but many of the process skills seldom mentioned or 
experienced in a high school chemistry laboratory were seen in 
this lab. 


The enthusiasm was high for this class as it had been for 
the last pilot class. "ine enthusiasm was due to the challenge 
offered by the experiment, for Lab L2 was, for many students, a 
real challenge. Several students asked to work at noon and after 
school in order to redo the experiment. 


General Impressions. While this experiment was being field- 
tested during the pilots it became apparent that students would 
be required to work in pairs in order to accomplish all the 
necessary tasks. Although this mode had not been contemplated 
for any of the experiments of this study (Lab L2 is the only 
exception), it was clear during the experiment that students 
should be given the opportunity, at least occasionally, to work 
with others. Working cooperatively to solve problems is an 
accepted and necessary activity in science; and the pleasure 
students derive while sharing tasks, failures and successes is 
important and is also a practical way to experience the 
"processes" of science. While in grade X and XI students have 
generally worked in pairs because of class size, it appeared 
that students still preferred to work in paris. 
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Teacher's Log - Lab L3 


Date Field Notes 


BAO 7Vo82- Wsab 13 


During the prelab discussions, students still asked questions 
regarding "how much". The task of having to determine the design 
in quantitative terms was still a problem. 


The class had some trouble performing the experiment: a few 
students tried to weigh ice on a paper towel and in other ways. 
For some students the laboratory period was a learning experience. 
One student said, "In my original design I wanted to measure a 
specific amount of ice but I realized later while performing the 
lab that it was easier to just add any amount of ice, then weigh 
the ice later after it had melted.” 


Since students appeared to be having trouble with this 
experiment, I circulated around the lab and asked several the 
question: 'Do you not think it would be a better experiment if 
you were told how to perform each step, i.e., be given the design? 


"No, this way is more interesting ... I have a say in what's 
going on." 


"Well, maybe .. . but I like this system." 
"Teiwould bet easier Gust .§ this? as 0K, "' 


"No . . « because I want to go to university and I believe 
that's how you have to work there." 


"Yes, I guess so but I like it this way and I would not like 
to go back to the old way." 


“Ves, L would << su) ofcen feel Lost before the. Tab.” 


General Impressions. The first two lab reports required an 
inordinate number of corrections and reminders. Students needed 
a lot of help to write the reports. However, for this lab there 
was a decided improvement in the writing, and fewer corrections 
were necessary. In spite of being given less structuring, 
students were already learning some important skills in 
communications by means of the lab reports. Upon asking some 
students how they enjoyed working on their own rather than in 
pairs, the majority still favored working in pairs. 


At this stage of the academic year, the students’ attitudes 
toward science seemed to be directly proportional to the level 
of the teacher's expectations. Unless the teacher stressed 
specific attitudes (Appendix E), few were exhibited. 
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TABLE 82 32 


Teacher's Log - Ml 


Field Notes 


3/26/82 Lab Ml 


During the prelab a lot of questions were asked about how to 
tabulate data. Students seemed at a loss to be able to organize 
their data. Many brought up plans before the lab period began and 
asked for approval. Although the class was doing the work 
correctly many students were still not very confident about the 
design part of the lab. 


There were two purposes in Lab Ml. The first required that 
students try to find, by experiment, which reactions were 
spontaneous. The second required that students try to find the 
relative tendencies of substances to react with each other--a more 
difficult task. Only half of the class realized the significance 
of this second purpose. After the FR were returned and during the 
post-lab discussion many students complained that the purpose had 
not been properly emphasized before the lab and during the prelab 
sessions. Others said that the lab manual had not been explicit 
on this second purpose. The experiment was a good lesson in 
organizing data "in order to identify regularities." (Appendix B) 
The class discussion involved many students. 


General Impressions. In order to have students produce work 
at a higher level of inquiry students must be placed in challenging 
situations. The setting that will produce quality work has to be 
created first. Asking students to come up with a scheme as 
sophisticated as the one required in Lab Ml and M2 would have 
been fruitless unless the students had been placed in the 
laboratory situation which challenged them. 
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TABLE 83 432 


Teacher's Log - Lab M2 


Date 


4/15/82 


Field Notes 


Lab M2 


This experiment had undergone considerable modification during 
the pilot and some apprehension existed about how students would be 
able to cope with it. The color tests which were demonstrated 
before the lab were to enable students to distinguish each of the 
species labelled A, B, C and X, Y, Z. See Appendix E, Revised 
ALCHEM 30 Laboratory Investigation, page M2. Students seemed 
rather confused and some said they were not sure how to determine 
if a chemical change took place. The problem of classifying the 
oxidizing and reducing agents was clear enough but some seemed 
confused about how they were going to be able to find this out. 


After the lab period many students expressed that they enjoyed 
the challenge but they had been very apprehensive about the 
mysterious reagents before the lab period began. 


General Impressions. Lab M2 had in addition to the setting 
and challenge of Lab Ml the added interest of the unknown reagents. 
This experiment, which had caused considerable anxiety before the 
labwork started, turned out to be oneof the more enjoyable ones 
for the class. For the student, laboratory work will probably 
always be considered more interesting than classroom seat work, 
regardless of the nature of the activity; but surely some 
experiments ought to go beyond the ordinary and definitely 
challenge the student. Students were producing better quality 
work on the reports in this lab, and the class had apparently 
adjusted to working singly. 
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TABLE 84 


Teacher's Log - Lab M3 


Field Notes 


4{23/32 Lab M5 


One of the lessons learned from the pilot study showed that 
not only are the process skills learned in the lab but some of 
the skills are best taught by training students. During the 
pilot program it was found that students were unable to complete 
Part A and Part B in the 80 minute period available. On the 
second day instead of completing Part B the class was asked to 
redo the entire lab. The skills learned on the first day should 
enable them to complete the entire lab on the seond day. In 
addition to the training which took place, the required skills 
were probably learned because they were necessary and made 
relevant by the necessity of the task at hand. 


Few students complained about the time problem after the 
laboratory period although many students mentioned in the written 
comments that they were rushed during the experiment. 


General Impressions. Students of the pilot and main study 
always enjoyed titrating. The question is why. Getting to use 
various types of apparatus, engaging in multi-step operations, 
and not knowing the concentrations of the solutions all contributed 
to student interest. But there is more. Students of both pilot 
and main study had been challenged to compete with each other to 
find the concentration of the solutions known only to the teacher. 
They were told their values would be compared to the class average 
and to the teacher's. Indeed, students were externally motivated 
in this experiment and they enjoyed it. 
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TABLE 85 


Teacher's Log - M4 


Date Field Notes 


3/29/82 Lab M4 


Students found the experiment interesting and many went about 
their tasks with a passion; however, the biggest disappointment 
came while processing data. The relatively large percent errors 
obtained were due to the student voltmeter. The vacuum tube 
voltmeter (VIVM) gave a much better reading but not all students 
were able to use the meter since only two were available. Students 
were genuinely concerned about their results although the class 
(mean) error was only 11%. For the pilot study, prior to some 
refinements, the class error had been 30%. In attempting to get 
better results, a number of students, having calculated the 
expected emf, tried several modifications. Most of the 
modifications were of the trial and error type. 


General Impressions. This experiment has considerable 
potential as an interesting and worthwhile acitivity. Replacing 
student meters with high resistance meters, making available more 
precise concentrations for the solutions, and providing additional 
materials (solutions and metals) should enable students to obtain 
greater precision. 


Students had come to the realization that their data is easier 
to interpret if it is obtained with precision. This possibly 
explains why students are very meticulous in making measurements, 
and finding them very disappointed if results have a high percent 
error is not surprising. In order to foster a respect for 
evidence, students must be able to collect data which are bona fide 
in at least a few experiments. 
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TABLE 86 


Teacher's Log - Lab Nl 


Field Notes 


Lab NE 


In this lab students were required to determine the products 
of 28 reactions (a) by predicting the products by the Bronsted- 
Lowry Theory and (b) by experiment. In the interpretation (FR) 
students were to compare predictions with observations then list 
and discuss any conflicting observations. Students found this 
experiment very interesting although it was difficult to see why 
at first. The experiment was undoubtedly a good one but did not 
appear as interesting as many students made it out to be. 


During the prelab discussions students had been told they 
would find anomalies in their observations. They were not told 
which ones but they were told they had first to find the anomalies, 
then find an explanation for them. Furthermore, students were 
told, the explanations would not be found in the ALCHEM materials. 
The students would have to come up with their own theories. 

"There are no wrong answers. If your explanations are reasonable 
you will get credit." 


The experiment offered an unusual opportunity to exercise 
the process skill of interpreting data. 


General Impressions. The majority of the class was very 
serious about discovering the anomalies. Some students repeated 
parts of the experiment at noon-hour, others after school. Most 
of the operations for this lab were repetitious and it was thought 
that extra measures might be required to avoid monotony. Although 
student attention and interest had not been a problem during the 
pilot, the main study students had considerably more reactions to 
investigate. In spite of the repetitious nature of the experiment, 
student interest remained high. Discovering the anomalies and 
explaining the color changes, the consequential aims of the 
experiment were important to students. Furthermore, these 
incentives were not only responsible for promoting interests but 
were primarily responsible for developing inquiry skill. 


It was during this experiment that a particular student 
activity was observed which had not been considered important 
until now. The amount of pupil-pupil interaction during the 
laboratory period was very active. But what made this activity 
unusual was that it had been occurring throughout the year--during 
every laboratory class. They were sharing observations, discoveries 
and disappointments with each other. With more conventional 
experiments--those with less inquiry--students are not involved 
with their work to the same extent and they do not display the 
same interest and enthusiasm. 


om. SICaT 


’ | i 6 at = ap 8 seine oi ee 


odie 
- a or 9 - - a eet oD ame RN PRT _ 
Seton Oot Ue 
. —— i ow ee ee Te 


1 


Joubosg odd suterieset, oO? veqaepaS zeW 3 SAR Mae BRS eins tl 
~Hatanurd est vad adsithedta sam aha Tete ie ¢ ? nc tIsKSr a8 to 
(Fly aotes laretode: aia eal x 5% yi “COD bee Tent y 

tell gent apétyeeteate TTIW anogat very SS EGOS og oTaw 

14. Brin? BIDSBUTE | sant LAevarstade omboak bee 718 eeudelh nie 
eae OY dfyoRtRiN ‘so, 5. eee goroaoveomd \erev nom 

for fb 4uhean feos 0,971 63 dpb 48W Sites Sear’ tess 

we Os “oo 3) Sica sbeeyishridic, viet) Se tgexaeds an 


m i ded 
J i — ; : : 
} 


. 
% 


‘ 
- 


A 


cy Bicdt maa: fe TA otha aot Pigddeis oie wit segue’ 


“ 
SiSw. yes] 1 Sena ‘Tecate Na” f hamons batt bIyow 


tamne ant Ibs etic Ll Venid hat O30 4 ond esno dofdu 
; Ai silts. ' Ney fips a a Ba) Ry TAH. 5 stem igxe: eg. bat? rad 
regain WSR A cals, od pes ae Say \ phelitgan 9x9 gg ,df03 
(eet abate neo SAAe asty du wre bi avant ey sinebota’ oft 

eh POOR bo wudy le» k een e ey Ox Ste CTBT": 


ya (eq TktW HOt 
4 ries odin inva as baaat to. Saomivayxe aif is 


S59 SNES o Kg Ish rae Iftte bist si2 


seats 3144 Fc VisStal 


rege bude apo y 26S fee {RLF rOReED 3am) Colts 


OM) afiyoel ye Wieden eG "er | se4 45 See ote yo astaq 
L In@unigh bkeaste oa +. Pot We ad 7S! ake 2 arr ' 
, + Shove. og: Saneierets a 1 igty 2emuager et)xe 26s 
sa) sodtuls olde Sa ars 3 Dsit tonsa rm ie WOLInatts Iaobuse 
. Ib ee Salty db Pele Se bad SIAe UY vie 
(eMLISTKS SH) tO SAAS cigs Ideqeat a9 By Or + aes 
ne soit enient: ‘an: h hts ay ® ‘ 3 “A5A ie, ps c ' Peay saabuta 
sda teas (Rha ae pod utes “Tifa ‘en3 gatnisiqzs 
agSji2 ,eiterealtr" Laoag net SHavse RE iad ‘Soamiieqxe 


Ps J ‘ 
] ad 1 
wi! + Ae it 


rent deovek 


Jud aness se MFI ety ag feat sa as Fa f MA Aaa agew tauitnsont ; 
Sed babes eT ee feat Vifivantsq eT9W ” 


Ek Ts 2) wire? +L 
Toots Wry 17eG Said APOE TE & ao atne anitub apy at 
iad yoget oeishrainey wad son" tithe tee a) tsvisado Baw ivisoa 
afd anes aosscaseine: ft faded £007, Bae] Tacubing oT HON ifjaw 
adaedace er cham ffi\w' 3ua). meee vier ‘acy, potion, ytesarodad 


updaun--~xress, ad? duaiguentdd agkpno atest bed 3% rasa esw fauaeuny 
tasyonein ,ziiaftivenado awisede attew vad! .seate qroteredht 


Jenoktienties 479m a Hi <7aiteD tose fs Bea 
tevioual tos gre = ISI U= NS tf east ASE 
eit yatyar® gon ob yous GHs cee 


s man ait .toltq 


Date 


5710/82 
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Teacher's Log - Lab N2 


See eee ee ee ae 


Field Notes 


Lab N2 


No prelab or post-lab discussions were held for this lab. 
They were not necessary. 


General Impressions. In this lab which required a titration, 
the same interest was displayed by students as had been done for 
Lab M3, the redox titration. Again, students were challenged to 
find the HCl concentration. They were told that the concentration 
of the HCl would be revealed only after the post lab discussions. 
The previous labs which required a determination were marked 
without penalty if the experimental value was less than 2O0Le0r 
the expected value. For labs Lab N2 and N3 the student was 
penalized if deviations exceeded the accepted value by more than 
7%. These penalties were seen by students as incentives. 
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TABLE 88 


Teacher's Log - Lab N3 


= a anes Ko 


Date Field Notes 


SO 


5/11/82, Lab N3 


Students seemed to know what they were doing in this lab and 
the teacher had little to do other than walk around and ask 
discerning questions to see if students knew what they were about. 
The concentration of NH3z had been determined quite accurately to 
three significant figures, and each member of the class was 
competing to see who would get the best determination. The 
accepted value would be revealed only after the reports were 
completed. 


General Impressions. Some students expressed concern that 
their value for NH3 depended very much on the value obtained for 
HCl from lab N2. Unfortunately students were not told at the time 
of the experiment that Lab N3 would be graded solely on the results 
of data collected in Lab N3. These concerns apparently had little 
effect on the class percent error since Lab N3 produced the 
smallest percent error of the year (See Table Boe Lits* Was Lire 
fourth time students had performed titration experiments and, 
not too surprisingly, their success in performing the necessary 
manipulative skills was evident. In addition student attitudes 
towards learning showed maturity not only during the performance 
of the experiment but later in the quality of the laboratory 
reports. 


| 


fel ob? ack aye ect ‘Siw FStiv paetk wh basd'e® yore 

ine Kee botexs sige Reda Iwao of oF eIISek bed +4 

todas ate volt Bey Work pidge — gee oF ant teat 
ot vVigtessog eatup inating ai aay a a . 

260 RRS, oe aS Ratio ee ff 

yt’ IRATE DIR 139g . wiisg feng 

ora frases bie Sead, ry falsoya¥ 


Sts. i PEDO DEED IRS ainda 
“OT barteido Siimy Std ae, i 
its ond ta. Pot thir re ee 
iSE7 SED (16 {ashe Grea. ay 
SSP EL Sad visits tae woe ts rie pec a » AS wa! we vedoalIoo oe to 
itd , besuberen in Fo oes 4. To 7 ee : ‘Meg #esio ent no soetts | 
aid eGSy Lae (he sane ea), “adele alk ic 70Fis Pmoreq deotinas | 
shure aban sete ro Sihrrtd 3 ‘Ayb roe ors atosbude seks AgquOT 
(sAseaven Sts. i LOn tatmad my 
ofits te pre ROLPE DLR Biel Firebiye 2 ad eifide svitaiugiogs — 
Ktteris9, Sts BGaltup >is ae Lewoda gattuxaet abuswod 
yroséiodsl at) tO wt ley eee Sees! Bid re ant to. 
270q9% 


» : : 5 : >. te : : a 


Date 


5/16/82 


229 
TABLE 89 


Teacher's Log - Lab N4 


Field Notes 


Lab N4 


The process skills in An Inventory of Processes in Scientific 
Inquiry (Appendix B) were reviewed during the prelab sessions. 
On lab day before proceeding to the work bench students were 
required to complete the DR as was customary. However, for 
this lab the design report required students to predict what 
would happen regarding the phenomenon stated in the Purpose. 
In addition, the DR had to include a hypothesis for the phenomenon 
followed by the customary experimental steps. 


General Impressions. The skills of communication required 
in Lab N4 were not more difficult than those which had been 
required during the year but there were more of them and they 
were varied. The level of achievement in the processes of science 
was evident, and students scored reasonably well on the DR and 
OR; however, in the FR not everyone was capable of interpreting 
the data satisfactorily. Interpretations by means of 
Le Chatelier's Principle were used by a few students, but not 
too many students thought to use equilibrium or kinetics (reaction 
rates). Nevertheless, the experiment provided the opportunity for 
many process skills at a high level of scientific inquiry. This 
relatively simple experiment provided students with a problem to 
identify, a prediction to formulate, a hypothesis to find, data 
to collect, and an interpretation to fit the facts. 
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APPENDIX 0O 


STUDENT RAW SCORES ON FORMAL INSTRUMENTS 
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